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ABSTRACT 

A theoretical method oi predicting the performance of subsonic, axial 

flow, multistage turbines is presented together with the digital computer 

program for computing all the dimensionless performance parameters required 

to completely define turbine performance. A small two stage turbine, for 

use in space vehicles , was used to demonstrate the application of the method. 

A complete set of performance maps were drawn and analyzed. The dimensionless 

performance parameters for any given flow condition could be obtained from 

the maps. 

The computer program proved to be extremely flexible and useful. The 

effect of blade row redesign could be easily deter~ined. Compar~son of the 

extremely limited amount of open cycle test data with program results showed 

that the method would provide a design engineer the means of predicting the 

performance of a given turbine design. The accuracy of such a prediction was 

shown to depend greatly upon the estimation of rotor tip clearances and the 

measurement of flow areas corresponding to the clearance. The computer pro

gram provides a means for trial and error determination of the rotor tip 

clearances when operating at high temperatures if accurate test data is avail

able. 

Although the computer program was written in Fortran language for the 

Control Data Corporation 1604 Computer at the U.S. Naval Postgraduate School, 

it should be compatible with most computer installations through out the 

country. 

iii 



Section 

1. 

II. 

III. 

IV. 

v. 
VL 

VII. 

VIII . 

XI. 

IABLE Ot CONTENTS 

Title 

Introduction 

Method in General 

A. Simplifying Assumptions 

B. Use of Dimensionless Parameters 

Discription of the Turbine to be Analyzed 

Development of Flow Function Formulas 

Methods used in determining Loss Coefficients 

Development of Basic Equations 

A. Nozzle and Stator 

B. Rotor 

C. Diffusor 

Computor Program 

Page 

1 

2 

2 

3 

4 

5 

8 

13 

14 

16 

21 

23 

A. General 23 

B. Main Program 23 

C. Subroutines for Stator and Rotor 25 

D. Subroutine for Determination of Pressure Ratio 25 

Turbine Analysis 26 

A. Preliminary Analysis based upon Design Drawings 26 

1. Test Runs at Design Refered RPM 

2. Development of Maps and Indicated Turbine 
Performance 

27 

27 

B. Performance of Turbine with Redesigned Nozzle 29 
Blades 

C. Attempted Correlation of Test Data and Program 29 
Predicted Performance 

Conclusions 

Bibliography 

32 

34 

Appendix I. Development of Equations 67 

Appendix II. Sample Calculations of Blade Row Loss Coefficients 71 

Appendix III. Basic Fortran Program; Names, Symbols, and Flow 78 
Charts 

Appendix IV. Sample Calculations 91 

Appendix V. Programs and Computor Results 99 

iv 



Figure 

1. 

2. 

3. 

4 o 

5o 

6. 

7. 

8. 

9. 

10. 

lL 

12o 

13o 

14. 

15. 

16o 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

LIS'l OF ILLUSTRATIONS 

Scale Drawing of Meridianal Blade Passage 

Blade Row and Gas Angle Geometry 

Nozzle Blade, Section B-B 

Rotor Blade, Section A-A 

Rotor Blade, Section B-B 

Rotor Blade, Section c-c 
Stator Blade, Section A-A 

Stator Blade, Section B-B 

Stator Blade, Section c-c 
Blade Angles 

Sample Flow Function Curves 

Expansion Process for a Blade Row 

Profile Loss Coefficients at zero Incidence 

Positive Stalling Incidences 

Variation of Profile Loss with Incidence 

Secondary Losses in Turbine Blade Rows 

Boundary Layer Thickness 

Loss Coefficient Curves for Rotor I 

Loss Coefficient Curves for Stator 

Loss Coefficient Curves for Rotor II 

Temperature Change for a Nozzle Blade Row 

Velocity Triangle, Rotor Inlet 

Temperature Change for a Rotor Blade Row 

Velocity Triangle, Rotor Exit 

Entropy Diagram of Turbine Process 

Turbine Performance Map showing Power Coefficient, 
Refered RPM, Efficiency, and Pressure Ratio 

Turbine Performance Map--Refered Flow Rate versus 
Pressure Ratio for selected values of Refered RPM 

Turbine Performance Map--Turbine Efficiency versus 
Velocity Ratio for selected values of Pressure Ratio 

Plot of Power Coefficient versus Turbine Efficiency 

Plot of Power Coefficient versus Pressure Ratio 

v 

Page 

35 

36 

38 

39 

40 

41 

42 

43 

44 

45 

46 

9 

47 

48 

49 

49 

11 

50 

51 

52 

15 

17 

19 

20 

53 

54 

55 

56 

57 

58 



31. 

32. 

33. 

34. 

Plot of Velocity Ratio versus Pressure Ratio 

Plot of Turbine Etficiency versus Velocity Ratio 

Perf ormance Map showing the Effect of Rotor Tip 
Clearance on Flow Rate and Pressure Ratio (Nitrogen) 

Performance Curves showing the Comparison between 
Theoretical and Actual Test Results 

vi 

59 

60 

61 

62 



LIST OF TABLES 

Table Page 

I. Blade Dimensions and Angles 63 

11. Open Cycle Test Data; Test I and II 64 

III. Open Cycle Test Data; Test III and IV 65 

IV. Flow Function Table 66 

v. Loss Coefficients for Rotor I 75 

VI. Loss Coefficients for Stator 76 

VII. Loss Coefficients for Rotor II 77 

VIII. Computor Run Data 100 

IX. Crnnparative Calculated Turbine Performance 145 

vii 



SYMBOL 

A 

A 
e 

a 

SYMBOLS AND UNITS 

DEFINITION 

Gas flow area measured norma~ to flow direction 

Minimum blade passage gas flow area 

Blade opening or distance between blades at the 
minimum cross section 

CL Lift coefficient based upon vector mean velocity 

c 
0 

c 

D 

H 

~H 

h 

h 

I.D. 

Theoretical velocity for isentropic expansion from 
stagnation pressure at entrapce to static pressure 
at discharge 

Specific heat at constant pressure 

Coefficient of drag on blades created by tip 
clearance pressure losses 

Coefficient of drag on blades created by secondary 
flow pressure losses 

Blade chord 

Diameter 

Gravitational constant 

Total absolute enthalpy 

Total relative enthalpy 

Shape parameter; Energy thickness 

Total enthalpy drop 

Static enthalpy 

Blade height 

Inside diameter of turbine annulus 

i Incidenc.e angle of flow onto a blade row, given 
by the difference between gas flow angle relative 
to blade inlet and blade inlet angle 

i Stalling incidence 
s 

J Conversion factor 

viii 

UNITS 

sq. in. 

sq. in. 

in. 

ft/sec 

Btu/lb 
0 R 

in. 

in. 

2 
32.174 ft/sec 

Btu/lb 

Btu/lb 

Btu/lb 

Btu/lb 

in. 

in. 

778 ft-lb/Btu 



k 

N 

n 

O.D . 

p 

p 

q 

R 

s 

s 

T 

.6. T . 
~s 

t 

t 
e 

u 

v 

v 
m 

v 
u 

w 

w 
u 

w 

Radial rotor tip clearance 

Rotational speed 

Polytropic exponent 

Outside diameter of turbine annulus 

Total pressure 

Total pressure drop 

Static pressure 

Free stream dynamic pressure 

Gas constant 

Entropy 

Blade spacing 

Gas total temperature 

Equivalent total temperature at rotor inlet 

Equivalent total temperature at stator inlet 

Gas total temperature drop 

Isentropic gas total temperature drop 

Maximum blade thickness 

Trailing edge thickness 

Perpherial speed at mean diameter 

Absolute velocity 

Axial component of absolute velocity 

Tangential component of absolute velocity 

Relative velocity 

Tangential component of relative velocity 

Gas mass flow rate 

ix 

in. 

rpm 

i n . 

psia. 

psia. 

psia . 

ft l b / lb 
0

R 

Btu/lb 
0

R 

i n . 

in. 

in. 

ft/sec 

ft/sec 

ft/se.c 

ft/sec 

ft/sec 

f t /sec 

lb/sec 



(j* 

w 

T( 

v 

Stator gas flow angles 

Stator blade angles 

Rotor gas flow angles 

Rotor blade angles 

Ratio of specific heats 

Small finite interval 

Shape parameter; Displacement thickness 

Expansion loss coefficient 

Rotor tip clearance loss coefficient 

Profile loss coefficient 

Secondary loss coefficient 

Total loss coefficient 

Trailing edge loss coefficient 

Efficiency 

Flow area reduction factor 

Power coefficient; also a factor defining secondary 
losses 

Gas density 

Flow function 

Angular velocity 

SUBSCRIPTS 

cr Critical 

D Diffuser 

e exit section 

eq. equivalent 

m mean or meridiana! 

N Nozzle 

X 

Degrees 

Degrees 

Degrees 

Degrees 

3 
slugs/ft 

rad./sec 



0 'Iotal 

R Rotor 

s Stator 

T Turbine 

t Total 

t Trailing edge e 

u Tangential 

w Work 

0--4 Turbine stations 

SUPERSCRIPTS 

* Indicates actual blade angles vice flow angles 

Note. See Appendix III for Fortran names and their meaningo 

xi 



A METHOD OF' PRED lCilNlJ THE PERFORMANCE OF AXIAL FLOW TURBINES 

USING A DIGITAL COMPUTOR TO DEVELOP PERFORMANCE MAPS 

INTRODUCTION 

Turbines for driving auxiliary equipment on rocket and space vehicles 

have become on of the most exacting pieces of turbomachinery in use today. 

The premium placed on space and weight in these vehicles requires tha t the 

size of a turbine be small, yet it is necessary to extract the maximum work 

for a given input. This means that the turbine must be designed to have 

high specific work output and efficiency. The effect of size on the effici

ency of turbines has not been fully determined, however small turbines re

quire that clearances be small, flow areas exact, leakage losses low, and 
0 

deflections of the flow in the rotor blade less than 105 , Ref. 1. Regard-

less of size, calculation of the performance of a turbine must be made using 

approximate methods. 

Although an exact analysis of viscous, compressible flow through an 

axial turbomachine can never be made, the demand upon the design engineer 

for an accurate estimation of the performance of a given design has become 

greater. The greatest difficulty in making an accurate prediction is con

tending with the large number of variables that play a role in the overall 

performance of a turbine stage. Since most engineering firms have access to 

electronic digital computers, a method of analyis involving their use was 

suggested. 

Manual calculation of the efficiency and work output of a multistage 

turbine for one set of operating conditions is tedious and time consuming. 

For a two stage turbine, approximately six man-hours of work are required 

to obtain one constant speed characteristic point as defined by the flow rate, 

overall pressure ratio, efficiency, and power coefficient. Many combinations 

of the input parameters ar e necessary in order to make an accurate estimation 

of overall turbine performance. In order to provide a quick and accurate 

method of evaluating the perf ormance of subsonic, axial flow, single or 

multistage turbines, equations were developed and programed for computor 

solution so that performanc e maps could be drawn. 
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Under the as~umption that a multistage axial flow turbine design pre

sented for evaluation wou ld give the blade shapes, flow angles, diameters, 

clearances, spacing, and all other pertinent data, the computer program de

veloped will allow an accurate evaluation of the performance to be made. 

The program has been restricted to subsonic flow conditiorn. No extension of 

this program can be made to include turbines operating in the supersonic 

range since a complicated iteration process would be necessary in order to 

determine the pressure ratio across each blade row. To preserve flow con

tinuity, the deflection of the outflow from a blade row would also have to 

be considered~ Ref. 2. 

II. Method in General 

A. Simplifying Assumptions 

Once a turbine design has been formulated, any estimation of the 

performance must be made using three dimensional flow conditions as a basis, 

since three dimensional effects are so important. Due to the complexity of 

such flows certain assumptions have been made for simplification. 

The flow has been assumed to be adiabatic, steady, turbulent, and 

axial at entry to the nozzle blade row of the first stage. Frictional forces 

have been ignored in the region between the blade rows, since velocity gradi

ents in that region are much smaller than those found in the boundary layers 

along the surfaceso The flow between the blade rows has been considered to 

be axisymmetric and steady, depending solely upon the conditions imposed by 

the blade rows ahead of a given region. Interference effects between the 

rows of blades have been ignored. At the mean radius the flow was considered 

axisymmetric, having axial and tangential velocity components. Since the 

annulus radial height is usually small compared with the mean radius, the 

changes of the flow in radial direction have been ignored and the mass flow 

rate was determined for the conditions at the mean radius. 

An assumption was made that the gas outflow angle from a blade row 

is independent of incidence and Mach number. While this assumption is not 

precisely true, no appreciable error will be incurred over the efficient 

operating range of a subsonic turbine, Ref. 1. 
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Of course the evaluation of the performance of any turbomachine, 

no matter what method is emp loyed or how many place accuracy a computor can 

achieve, depends primarily upon the accuracy of the estimation of the losses. 

These losses are imposed by the frictional forces in the boundary layers along 

the blade surfaces, by mixing, and by clearance effects. The major simpli

fication of considering the flow path through each stage at one diameter only 

requires the further assumption that in any one cross-sectional plane of the 

flow between adjacent blade rows the total pressure, total temperature, and 

axial velocity are the same at all points. Such an assumption, though widely 

divorced from fact, may yield correct overall characteristics of a stage if 

the loss coefficients used are equal to the momentum mean values over the en

tire cross-sectional plane. 

Since the accuracy of the performance calculations rests mainly 

upon the loss coefficients, it is imparitive that they be as accurate as 

possible. American and British design methods and cascade test data were re

searched in order to determine a basis for loss determination. American 

methods of determining blade row losses are based mainly upon theoretical con

siderations. A British method of predicting the loss coefficients, Ref. 3, 

based upon test data derived from overall tests on a variety of turbine 

stages having blading approximately midway between impulse and reaction types 

was chosen. The experimental data from which the loss coefficients were ob ~ 

tained had been deduced·from tests made at Reynolds numbers in the range of 
5 5 1 x 10 to 3 x 10 , therefore the method could only be used for turbines 

operating in that range. The test data apply mainly to blades having a con

ventional profile shape. Most blade shapes in current use in gas turbines 

fall within that catagory. The method allows the loss coefficients and 

effux angles in any blade row to vary with gas flow conditions and the angle 

of incidence. The loss coefficients are assumed to be uninfluenced by Mach 

number. This assumption is unlikely to cause an appreciable error unless 

the blades involved have a high degree of curvature on the upper surface near 

the trailing edge. 

B. Use of Dimensionless Parameters 

In order to simplify the analysis and to present the complete per-
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formance of any turbine graphica.lly) the performance can best be determined 

using dimensionless parameters involving the different variables which in

fluence turbine behavior. In this way the complete performance of a turbine 

under a variety of inlet conditons and speeds can be presented on three dia

grams. The four main dimensionless parameters used were refered flow rate, 

refered rpm, overall pressure ratio, and a power coefficient. The conditions 

at any point in the turbine have been refered to inlet conditions. Ref. 4 

presents a complete development of these parameters using Riabouchinski's 

theorem. 

III. Description of the Turbine to be Analyzed 

The turbine chosen for demonstration of the method and program was a 

small two stage axial flow turbine which was being evaluated for use in a 

space vehicle. It had proven unsatisfactory in the few preliminary tests 

conducted, due to low efficiency and power output. It was believed that 

poor agreement between test results and calculated flow quantities was due 

to inaccurate calculation of the required minimum flow areas between adja

cent blades, and unrealistic assumptions of the loss coefficients. Small 

differences in blade thicknesses and blade angles between design drawings 

and the manufactured product can make large differences in the minimum flow 

areas. 

Fig. 1 shows a 5:1 scale drawing of the meridinal blade passage of the 

turbine. Included on the drawing is the location of the local minimum flow 

areas and cross sections of the blades. Fig. 2 illustrates the system adop

ted for defining the geometry of a blade row and the gas angles relative to 

a blade row. Table I gives the dimensions and angles of the blades and other 

pertinent blade data. All blade data were obtained from Fig. 1 and the blade 

section drawings, Fig. 3 through 9. Not all of the blade section drawings 

are presented. Section drawings of the Stator and Rotor II are included to 

show the actual blade shapes, the minimum distance between blades, and to 

allow determination of the angles and dimensions at the mean blade height. 

Values for a, t, t , s, a*, ~*, c, and A were obtained from the drawings 
e e 

for the mean diameter of each row of blades. Fig. 10 shows the blade angles 

for each row of blades and the turbine station designations. 
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The tlow ang l e at the discharge of a blade row was determined from the 

empirical relation 

a . 
ex1t 

cos 
=1 a 

This equation is widely used in Europe and the U.S.S.R. and is believed to 

be more accurate than the relation 

a . 
ex1.t 

~1 a 
cos 

s 

commonly used in the United States. The sign convenpion used designates 

all gas angles positive if the tangential component of velocity is in the 

direction of rotor motion. It should be noted that the angle of incidence 

of the flow into the nozzle blade row is ~42.5°, Fig. 3. A modification of 

the nozzle blade design is contemplated which would reduce the angle of in

cidence to zero and reduce the losses. The trailing edges of the blades are 

relatively thick in order to prevent burn off at high temperature operation. 

All the blades converge to a minimum area shown on the blade section drawings. 

The area was determined by multiplying the average height of the minimum flow 

area between blades by the height of the blades. 

Nitrogen gas was specified as the working fluid. The specific heat 

ratio for nitrogen is a function of temperature and varies from 1.372 to 
0 1 . 347 over the temperature range of 780 to 1260 F, Ref. 5, however the 

variation was considered small enough to allow an average value of 1.36 to 

be used in all calculations. The average value of the gas constant over the 

temperature range is 55.16 ft/
0

R. 

The design point of the turbine was reportedly 18,000 rpm and 1200 °F. 

In order to check this point, the operating characteristics of the turbine 

were investigated over the range of rpm between 10,000 and 19,000 at tern= 

peratures between 780 and 1260 °F. 

IV. Development of Flow Function Formulas 

In order to determine turbine performance for a given set of inlet and 

speed conditons, the course of an element of mass of gas was followed from 
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one blade row to the next, with calculations performed at each station. 

In this way the basic performance parameters were obtained for a given 

refered flow rate and refered rpm" 

For steady adiabatic flow conditions the stagnation enthalpy along 

any streamline remains constant, both for absolute and relative flows. 

The mass flow rate for a given set of inlet conditions is constant and 

can be expressed by 

w 

p A 
0 

~ RT 
0 

The polytropic exponent was used in the power terms because the flow 

was adiabatic but not frictionless. See Appendix I. 

(1) 

Friction within a row of blades reduces the overall efficiency. In 

determining the flow rates with friction, the rate of flow is governed 

by the area of the minimum cross section. The flow area is reduced by 

the build up of the boundary layer along the profile from the leading 

edge to the point on the blade corresponding to the minimum cross section. 

The amount of boundary layer growth depends primarily upon the blade pro

file and the Reynolds n~mber of the flow. In this paper the result of 

this reduction of flow has been termed a loss and designated' e. This 

loss coefficient influences the flow rate and is believed to have more 

effect on the overall performance of a blade row than the total loss 

coefficient,~. The efficiency of a blade row can be expressed in terms 

of the temperature ratio dT/dT. or/ 
~s '=' e 

(2) 

The polytropic exponent can also be defined in terms of S e 

n= ol<(e<r- 1) + 1) (3) 

The development of this expression is shown in Appendix I. 
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The mass flow rate can be expressed in the form of a nondimensionless 

flow function by rearrangement of Equation (1) 

~ ~To f == -:.p-
0 

~R/gc 
A 

e 

~ n + 1 
2 _o_[cl/P )2/n_(l/P )-n-t-1 o/p o/p J (5) 

Since n is a function of the expansion loss incurred from entrance to the 

minimum area of the blade passage, I is a function of 'Q , S e, and the 

pressure ratio P /p. For a given value of '(), a plot of I versus P /p 
0 ~ 0 

will produce a curve as shown in Fig. 11 for each value of 'e' The data 

for a complete set of such curves for values of 'e from 0.0 to .25 and t 
from 1.20 to 1.40 was obtained by Vavra using the CDC 1604 computer. The 

data for a specific heat ratio of 1.36 is given in Table IV. Using this 

data it is po~sible to determine values of P /p for calculated values of 
0 

I by two way interpolation. The table is useful in manual calculations. 

In order to adopt the flow function formula to a computer solution 

of the pressure ratio that would be accurate and minimize the time of 

computer utilization, it was necessary to calculate an approximate press

ure ratio by expressing the terms in binomial series form. Substitution 

of the first two terms of the expansion in the equation for f was made in 

order to obtain !J.p/P as a function of n, o, and f. As a first approxi-
o 

mation P /p == P /(P - L).p) = 1/(1 - D..p/P ) or p/P == 1 - .1p/P . The 
0 0 0 0 0 0 

complete development of the equation for the approximation 

(P
0

/p) = 1/(1 - n/3 ( 1 - ~(Q'- 1)/(c(n - 1)) f 2 
)) (6) 

is given in Appendix I. 

Using this approximate pressure ratio, a value of } could be calculated 

and compared with the known value of ! . By increasing or decreasing the 

approximate pressure ratio by an increment as necessary, the value of P /p 
0 

that corresponded to the known I could be obtained. This method of finding 

the pressure ratio corresponding to a given { was made into a subroutine 

called "Ratio" for the computer program. 

7 



V. Methods used in determining Loss Coefficients 

In order to calculate the changes in the pressure and temperature from 

point to point through the turbine, it was necessary to establish the pres

sure losses that were involved. The overall pressure loss occuring in a 

blade row was subdivided into a number of component losses which are de

p e n dent upon various variables that define the aerodynamic form of the 

gas flow and the geometric form of the blade row. These losses are de

pendent upon the angle of incidence of the flow into the blade rows. The 

component losses considered were 

a) Profile losses--losses due to skin friction which causes the build 

up of a boundary layer on the blade profile. 

b) Secondary losses--losses resulting from non-uniformity of the three 

dimensional flow through a row of blades mainly caused by the interaction 

between the blade ends and the boundary layer on the annulus walls. 

c) Tip clearance losses -- losses due to leakage of gas over the ends of 

the b~ade tips. 

d) Trailing edge mixing loss--a loss caused by the thickness of the 

trailing edge of the blades. 

The profile losses were determined using the methods presented in 

Ref. 3. The profile loss for a given blade row is first determined for 

inflow at zero incidence . The stalling incidence of the blade row was then 

determined, stalling incidence being defined as the incidence at which pro

file loss is twice the loss at zero incidence. Profile losses at incidence 

other than zero were based upon the assumption that the ratio of profile 

loss at any incidence to profile loss at zero incidence is a function of the 

ratio of incidence to stalling incidence. 

The profile loss coefficient at zero incidence was assumed to be a 

function of the discharge flow angle, the ratio of the blade angle to the 

discharge flow angle , the pitch to chord ratio, and the thickness to chord 

ratio. Ainley, Ref. 2, defines this loss coefficient as Y = loss of total 

pressure divided by the total pressure at discharge minus the static pres

sure at discharge. 

y -
p p 

g 

p 
(7) 
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For this equation to be valid the total pressure at exit would have to be 

measured far downstream of the blade row. The pressure would also have to 

be an average value. The total pressure at discharge in the immediate 

vicinity of the trailing edge of the blade is known. to fluctuate. It was 

considered more correct to express this loss coefficient in terms of Ll h. 
~s 

rather than in terms of~ P/(f/ 
2
v

2
). 

Using the differential form of the Energy Equation, where dq = 0 for 

isentropic flow, the loss of a blade row can be expressed in terms of ~ h 

dq du t p dv = dh - v dp = 0 

dh v dp = RT dp/p = dp/P 

or 6h = Ap/{J 

Substitution of the expression PAh for b. p in Equation (7) gives 

P4h 
I 

llh where 
~h .:;::::, ll.h ..... Loss y = 

,_ 

P; v 2 v2 v2 v2 v~ 
2 

2gJ 2gJ 2gJ 
lS 

- Loss 
gJ 2gJ 

as shown by Fig. 12. The right and left sides of the equation are not 

exactly equal since the temperature at inlet to a blade row is not the 

same as at the exit. However this difference is so small for an individual 

bla~e row that it can be considered insignificant. 

h 

Fig. 12. 

Expansion Process for a Blade Row 
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By rea rrangement 

v~ 
--2:.L ~(1 ) Y 2gJ + Y Loss 2gJ 

(8) 

and can be considered a new loss coefficient, ' 

The imperical equations for determination of Yp, Ys, and Yk at zero 

incidence were obtained from Ref. 6 and are presented in Appendix II· Com ~ 

plete calculation for the loss coefficients of the Nozzle and Rotor I are 

also presented in Appendix II. The calculations for the loss coefficients 

for the Stator and Rotor II are similiar to those for the Nozzle and Rotor I 

respectively. Variations of the losses with gas inlet angle to a blade row 

at large positive and negative incidences are uncertain, but according to 

Ainley, Ref. 6, reasonab le correlation of test and calculated turbine per

formance has been obtained by restrictingthe use of the equation for Y and 
s 

Yk to the range of -1. 5 ~ i/is ~ 1.0. At values of i/is> 1.0 the secondary 

and clearance loss coefficients should be assumed constant and equal to the 

value when i/is = 1.0. Similiarly when i/is (-1.5 the values of Ys and Yk 

equal to those obtained for i/i -1 .5 should be used. 
s 

The profile loss coefficient Y for conventional section blades at 
p 

zero incidence can be obtained from Fig. 13. Values of positive stalling 

incidence of cascades are shown in Fig. 14. The variation of profile loss 

with incidence is given in Fig. 15. Using the curves presented in these 

Figures, all of which were reproduced from Ref. 3 and 6, values of~ p at 

ten degree intervals of incidence angle were determined and are presented 

for each blade row in Tables V, VI, and VII in Appendix II. 

In determining the secondary loss coefficients Ainley made the basic 

assumption that 

CDS = )._ CL 
2 
I (sIc) 

where A is primarily dependent upon the degree of acceleration impar ted to 

the gas as it flows through a blade row. A simil iar assumption was made in 

regard to the tip clearance loss coefficients in stating that the drag co= 

efficient can be expressed by 

2 
CDk = Constant (k/h) CL /(s/c) 
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The value of A used in determining Y was obtained from Fig. 16. It should 
s 

be noted that secondary and tip clearance losses in a blade row having fixed 

inlet and outlet gas angles are independent of s/c, thus optimum pitching 

of a row of blades is obtained using the pitch that gives the minimum pro

file loss. 

The equations presented in Ref. 6 for calculation of the trailing edge 

loss were purely theoretical and were not considered to be as accurate as 

the equation 

3 te/a 

2:6*/a 
(9) 

developed by Markov, Ref. 7, using average measured values of the shape 

parameters. Vavra, in an as yet unpubi5~hed paper, Ref. 8, explains the 

development of equations for Se and L a • The assumption that the 

boundary layer thickness is the same at the throat as at the trailing edge 

was made, Fig. 17. 

s 

c 

/ 
/ 

Fig. 17 

Boundary Layer Thickness Diagram 
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Such an assumption would mean that further expansion of the boundary layer 

between the minimum cross sectional area and the trailing edge does not take 

place. L c5* has been defined as the sum of the displacement thicknesses of 

the boundary layers on both sides of a profile at the trailing edge of the 

bladeso The flow rate was expressed as 

w 

where V is a factor which accounts for the reduction in the flow area at 

the minimum cross-section of the flow passage between blades. Vavra developed 
~ ( e 

a theoretical expression for S e from curves of ~ versus the pressure 

ratio across a blade row. 

= f 1.n et 
( 

p. 1 ) 

pdischarge 

For a fo£ 1.36 

Energy thickness was defined as 

*** H 

*** and a value of H 2.2 was given in Ref. 7. 

( 1 - ' ) p 
1 - H***Lc5* I a 

= 1 -LEla 
Upon rearranging terms 

*-1~·/( 

* H - 1 
1 -L:c Ia = 

*** +sp H - 1 

12 

(10) 

(1 _, ) was expressed as 
p 



from which the f ollo';ving equations were obtained 

( 11) 

~p (12) 

These equations were utilized in calculation of the trailing edge loss and 

the reduction in flow area due to the build up o£ the boundary layer along 

the profile from the leading edge to the throat of the blades. 

The values of the total loss coefficients given in Tables IV through 

VI are for the design tip clearance of .033 in. for Rotor I and .021 in. 

for Rotor II. These clearances are reduced when operating at elevated 

temperatures. Since it is impossible to say exactly what the clearances 

are at the operating temperatures, loss curves were also drawn for tip 

clearances of .005, .010, .015, and .020 in. The loss curves for each 

blade row are presented graphically in Fig. 18, 19, and 20. 

VI. Development of Basic Equations 

The equations used in calculating the state of the flow at a given 

point in the passage through the turbine were based upon the equations 

for absolute and relative flows . These equations have been fully developed 

in Ref. 1 from the basic Equation of Motion, Equation of Continuity, and 

the steady flow Energy Equation. For steady adiabatic absolute flows 

through stationary blade rows the total enthalpy along a particular stream

line is constant. Likewise for steady adiabatic relative flows through 

moving blade rows the total relative enthalpy along a relative streamline 

is constant. Expressed in terms of velocities and static enthalpies 

v2 
H = h + 2 + gz (13) 

for absolute flows and 
2 2 

w R 
--2- + gz (14) 

for relative flows. The effect of the gz term has been considered negli = 

gible. Ref. 1 also explains in detail how Euler ' s Turbine Equation 

b. H = C ~T 
p w 

ul vul - u2 vu2 

gJ 
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can be developed either by combining the enthalpy equations for absolute 

and relative flows between two points or from the general Momentum Equation. 

While this relation has not been included in the computer program, it can 

be used as a check on the solution of the total enthalpy drop through the 

turbine if manual calculations are attempted. 

The equations used in the computer program were developed and ar

ranged so that calculations would be repetitive for any number of stages. 

The nozzle was considered to be the same as any other stationary blade row 

except that the velocity vector of the inlet flow was considered to be axial 

in direction. For each blade row the absolute velocity, relative velocity 

in the case of rotor blade rows, was first determined using the losses ob

tained from a knowledge of the inlet flow. The temperature at discharge 

from a blade row could be calculated from this velocity. Also the velocity 

triangle can be drawn if the velocity and angle of the inflow are known. 

For each blade row the flow function method was used to find the pressure 

ratio across it. All losses were considered in percent of the theoretical 

kinetic energy,at discharge from a cascade. All pressures at inlet to a 

blade row were expressed as a ratio of the total pressure at that point to 

the pressure at inlet to the turbine. 

A form of the basic equation for steady adiabatic flow was formula ted 

whereby an equivalent temperature and pressure at the minimum area of the 

blade passage was determined. The flow function could then be expressed as 

~ rr: 
p 

0 

\~ l ... eq/ ... o 

p /P 
eq o 

where A was the minimum flow area"for the cascade. 
e 

A. Nozzle and Stator 

(16) 

The equations for calculation of the thermodynamic flow process 

occuring in the Nozz le or Stator are based upon the fact that the total 

enthalpy along a streamline is constant. For steady adiabatic flow, the 

enthalpy drop at constant entropy can be expressed as 

~h. 
~s 

2 
Vl. 

~s 

2gJ 6h 
1 

-it (loss coefficient x.6h.) 
actua ~s 
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or in terms of velocities 

Since h 

2 
vl. 1S 

2gJ 

v 2 
1 

2gJ 

2 
I vl. S 1S 

+ N TgJ 

C T, the relationship can also be expressed as 
p 

.6. T. 
1S 

~T 1 +SN.6T. actua 1s 

and shown graphically in Fig. 21. 

1 

Fig. 21 

Temperature Change for a Blade Row 

The velocity at the discharge of a stationary row of blades was 

determined from the following relations 

v 2 
1 .t1h=b.h _, 6.h 

2gJ is N is 

C AT. (1 -~N) p lS 

15 

(17) 

(18) 

(19) 



.6 T. can be expre ~sed in t erms of prf!ssure ra.tio 
1S 

3"-1 

[ (p 1 p- ] To Ll Tis == 1 ~ p o 

When a substitution for ~T. is made 
lS 

v 2 

-S N) 

p ~-1 
1 

( 1 C1> T
0 

[ 1 - (-1-) -'ll] 
ZgJ p 

0 

For simplicity and ease of calculations all velocities were divided by 

100, so 

( v_l_]2 
100 

When the pressure ratio p
1

/P
0

, corresponding to the value of the flow 

func;tion ~ N is substituted into Equation (20) the value of V 
1 

can be 

calculated. The equation is in the form of 

Equation (21) was used to determine the temperature at station 1. 

B. Rotor 

(21) 

All values of the velocity triangle representing flow conditions 

at inlet to a rotor blade row, Fig. 22, can be calculated when the peripherial 

speed of the rotor blades, the absolute velocity of the inlet flow, and the 

angle of incidence are known. 
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Fig. 22 

Velocity Triangle, Rotor Inlet 

The following equations allow ease of calculation of the magnitude and 

direction of the vectors ; 

vul vl sin al 

vml v 
1 

cos a
1 

wul v -ul ul 

w 2 2 2 
l vml .;. wul 

~1 
-1 

tan (Wu 1/v ml) 

If the loss curves for the first rotor are entered with the inlet flow 
! >-angle ~l, the losses S R and S eR can be obtained. In order to find the 

static pressure after the rotor the flow function must be based upon re\ative 

flow relations. In the rotating blade rows the relative total enthalpy must 

remain constant along a given relative streamline 
w2 u2 

HR = h + 2gJ - 2gJ = constant (22) 
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Since the radius of the mean flow path at rotor entrance differs from that 

at rotor exit, there will be significant difference in the peripheral speed 

at these two points. The peripheral speed at a point is given by the re= 

lation 

U = rtND/720 

where the diameter is measured in inches. 

The total enthalpy at inlet to the rotor blade row is the same as the 

total enthalpy at the minimum area, therefore 

u 2 
1 

2gJ 

* The sum of h
2 

2* 
and w

2 
/2gJ can be considered to be an equivalent enthalpy, 

to the sum of hand v2
/2gJ for a stationary row of blades. H , similiar 

eq. 
When the variation in 

H 
eq. 

th~ peripheral speed is taken into consideration 

2 2 
h

1 
.;. (w

1 
f u

2 
- u 2

)/ 2gJ 
1 

(23) 

The equivalent enthalpy can aLso be expressed as C T . An equation for 
p eq. 

determination of the equivalent temperature can be derived by dividing 

Equation 23 by C 
p 

T = Tl f (W 
2 I u 2 

- u 2
) 2gJC eq. 1 2 1 p 

(24) 

The equivalent total temperature and pressure at inlet to the rotor 

was designated TR and PR respectively. In ratio form 

The flow function for the rotor can be written as 

w~ 
j R = PRl 

1 
A 

e 

(24) 

where A is the area at the minimum flow cross section. By refering all 
e 

temperatures and pressures to turbine inlet conditions, a nondimensional 
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equation is obtained for the flow function 

w \fT 
. ~ ... 0 

p 
0 

\~ ,r-
l~~- ~ R/gc 
PRl/Po Ae 

The relative velocity after the rotor can be expressed as 

- h 
2 

These relations are presented graphically in Fig. 2J. 

l rTRl 
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L\ 'I', <·'1 
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I 
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[ 
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y 
~ 
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Ji.?1s 

·- ·-)-s 
p? 

Fig. 23 

Temperature Change for a Rotor Blade Row 
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The velocity triangle r e presenting flow conditions at exit from the 

rotor blade row can be determi.ned from the peripheral speed, the relative 

velocity, ~nd the angle of exit, Fig. 24. 

~- - - V., , 
u.-

Fig. 24 

-','I "' 
U.:. 

Velocity Triangle, Rotor Exit 

The equations involved are 

vu2 u2 - wu2 

v 2 
2 

v 2 1-
m2 

v 2 
u2 

0:2 tan 
-1 

(Vu2/Vm2) 

The pressure ratio P
52

/P
0 

at entrance to the next stator blade row can be 

calculated 

P2 
x-

p 
0 
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The procedure outlined above can be repeated for as many stages as 

necessary depending upon the turbine design. Fig. 25 is a complete T - S 

diagram representative of the two stage turbine considered. Sample calcu

lations are presented in Appendix IV. 

C. Diffusor 

For stationary gas turbine power plants an efficiency for the 

Diffusor of 70% is commonly accepted for a flow that departs axially from 

the last row of blades. For a flow that is discharged from the last blade 

row at an angle to the axial direction, the actual diffusor efficiency was 

considered to be 

The overall turbine efficiency was defined in terms of enthalpy 

,LlT 
' w 
fl T. 

~s 

Defining turbine efficiency in this way accounts for recovery factors. 

The ability of the diffusor to transfo=m the kinetic energy of the 

flow at exit from the last blade row is a function of the efficiency of 

the diffusor and the difference between the kinetic energy of the flow at 

inlet to and discharge from the diffusor. In terms of temperature change, 

this relationship can be expressed as 

.6 T 
recovery T(D 

where the velocity of discharge was calculated using the Continuity Equation 

w constant 

By summing the work output of the individual stages the overall work 

of the turbine was obtained. The specific work output of the turbine is 

equal to the enthalpy change ~ H between the inlet to the first blade row 
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and the discharge from the last blade row. For the two stage turbine con~ 

side red 

~H 
w 

C Ll T 
p w 

The power output was desired in coefficient form. Since the power 

can be expressed as the mass flow rate times the enthalpy change, a suitable 

coefficient form is 

H p 

A= p \rr 
0~-0 

w ~ T0 

p 
0 

c 
p 

i1T w 
T 

0 

1.055 

T - T 
4

• 
0 s • 

(27) 

The overall pressure ratio of the turbine was determined by first 

calculating the ratio of the total pressure at discharge from the diffusor 

to the static pressure at entrance to the diffusor. 

L 
t -1 (28) 

Using the pressure ratio across the turbine blade rows, P
0

/p
4

, the overall 

pressure ratio was calculated 

p 
0 

p 
e 

p 
0 

(29) 

The isentropic temperature drop through the turbine could be found 

using the relation 

Turbine 

6, T. 
~s 

T 
0 

efficiency 

J?T 

can be 

L\H w 
L\H. 

~s 

computed using the definition 

~T w ---
fj TisT 
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In order to compute the overall velocity ratio of the turbine the 

mean average diameter of the flow passage of the turbine was calculated. 

Since the theoretical velocity C for isentropic expansion from a stag~ 
0 

nation pressure at turbine entrance to the static pressure at turbine dis-

charge could be expressed as 

C -= d 2gJC .1 T. T 
0 ~ p lS 

an equation for the velocity ratio was 

u 
avg. 

c 
0 

VII. Computor Program 

A. General 

rc N D 
avg, 

720 ~2gJC L)T. T p lS 

The Control Data Corporation 1604 digitial computor at the U.S. 

Naval Postgraduate School was utilized to provide rapid and accurate solu

tions to the turbine performance equations. The source program was written 

in the most basic and familiar version of Fortran language so that the pro

gram would be compatible with other models and makes of computors. In order 

to clearly document and visually present the step by step procedures of the 

program, flow charts were drawn for the main program and the major sub

routines. The flow charts and selected versions of the basic program are 

presented in Appendix III. Transfers of control and test routines are 

shown more clearly by flow charts than if described in words. A table of 

Fortran names, equivalent symbols, and meanings is also presented in Appendix 

III. 

B. Main Program 

The complete Fortran program was a composite of a main program"and 

several sub-programs. The main program was used for control and input-output, 

while the subprograms performed the repetative calculations. Input data such 

as turbine blade row dimensions, blade angles, and loss coefficients were 

placed in one dimensional arrays. All constants and variables which were re

quired in the main program and one or more sub-programs were included in a 

Cornman statement so that communication between the main program and sub

programs was possible. The values of diffusor cross sectional area, average 

mean flow diameter, specific heat ratio and gas constant for the working 
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fluid were considered constant and initialized in the main program for use 

in all sub-programs. 

Only the parameters necessary to demonstrate the performance of the 

turbine and allow development of the performance maps were normally printed 

out for each combination of refered rpm and refered flow rate. The para

meters most representative of turbine performance were refered rpm, refered 

flow rate, efficiency, power coefficient, overall pressure ratio, and speed 

ratio. Of course the print out of the solution to every equation was pos

sible. Such a print out was made for the test case, Appendix IV. 

The performance of the two stage turbine considered in this paper was 

desired over the temperature range from 1240 to 1720 °R and the speed range 

from 10,000 to 19,000 rpm. The resulting range of refered rpm was 240 to 

540. A "Do" loop was inserted which allowed calculations to be made at 

any desired interval over the range. For ease of plotting and completeness 

of coverage, an interval of 50 was initially chosen and later reduced to 10. 

The performance maps show only the curves for refered rpms of 240, 290, 340, 

390, 440, 490, and 540 in order to allow curve separation and prevent con

fusion, however the smaller interval was necessary in order to accurately 

complete the performance maps. In order to compare the theoretical com

putations with actua~ test results a single refered rpm was programed so 

that the Do loop would start and stop on the same value. The computer time 

for calculation of one test run was approximately one minute and ten seconds, 

compared to two minutes and fifty eight seconds for complete coverage of the 

refered rpm range using an interval of 10. 

The performance of the turbine was desired at all values of refered 

flow rate between zero and that value which would cause a turbine blade row 

to choke. Although the flow rate Do loop was programed to start at .1 and 

continue to 5.0 in steps of .1 or .01, the inflow angles to the blade rows 

were so great at the lower values of refered flow rate that the range of 

angles over which the loss curves were valid was exceeded until a flow rate 

of approximately 2.5 was reached . The range of the Do loop was reduced by 

starting at a val~of 2,0 in order to reduce the computer time involved. 

A flag, ICR or IBR, was set to test whether the angles exceeded f or - 70°. 

If the flow angle was excessive at inlet to either.the rotor or stator blade 

rows, computations at that refered flow rate were stopped and the Do loop 
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continued. The turbine was found to choke before a refered flow rate of 

4.0 was reached . Of course the point of choking will vary from one turbine 

design to another depending upon the dimensions of the blade rows and the 

losses. A sufficiently high upper limit should be chosen for the Do loop 

so that choking would occur prior to completion of the Do loop. 

The flow function for each blade row was computed and compared with 

the maximum value of the flow function corresponding to the critical pres

sure ratio . If the maximum was exceeded, the name and number of the blade 

row was printed out and calculations at a new refered rpm was initiated 

If the maximum value of the flow function was not exceeded in any blade row, 

the calculation of the performance parameters was completed and the answers 

printed. 

C. Subroutines for Stator and Rotor 

Frequency occuring constants and exponents used through out the 

program were computed in function sub-programs. All other computations were 

made in subroutines Stator, Rotor, Diffusor, and Ratio. As shown by the 

flow charts, the form of the subroutines for the stator and rotor are quite 

similiar. The inlet flow angle was utilized to obtain the loss co~fficients 

for a particular blade row. Since ~he loss coefficients were picked from 

the loss curves at ten degree intervals and presented as a one-dimensional 

array, interpolation for intermediate values of the inlet flow angle was 

necessary. This interpolation was accomplished by subtracting the value of 

the inlet flow angle from 70° and dividing by the 10° interval . The quotient 

must be added to 1.0. The angles must be expressed in radians for all com

putor calculations. A change from floating point to fixed point arithmetic 

caused truncation of the result to a whole number equal to or greater than 

1.0. By obtaining the difference between the floating point and fixed point 

values, linear interpolat ion between the closest given values of the loss 

coefficients could be made. This method of interpolation was believed to be 

sufficiently accurate over the range of angles for which loss coefficients 

were calculated, since the percent error of the loss coefficients was not 

known. 

D. Subroutine for Determination of Pressure Ratio 

In order to obtain the pressure ratio across a blade row a separate 

and rather complicated system of tests and calculations was necessary. A 
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subroutine called Ratio was formed. The value of the polytropic exponent 

was calculated and used to find the critical pressure ratio for a given 

blade row. The critical pressure ratio was substituted in Equation 5 and 

the value for the maximum flow function existing at the critical pressure 

ratio was determined. The calculated value of the flow function was com

pared with the maximum value and if the maximum was exceeded, the blade 

row was ahoked and a return statement would transfer control back to the 

main program. 

In order to find the pressure ratio corresponding to a given value 

of the flow function obtained from Equation 5, an approximate value of 

the pressure ratio was computed using Equation 6. The approximate value 

was tested to determine whether it was greater or less than the critical 

pressure ratio. If the approximate pressure ratio wap greater than the 

critical ~ .OS was subtracted from the initial value and the new approxi

mate value, which would be less than critical, was used. If the approxi

mate value was not greater than the critical value, the approximation was 

increased or decreased in steps of .0001 as necessary, and a trial value 

of. the flow function calculated and tested at each step. As soon as the 

known value of the flow function was bracketed, the last value of the 

approximate pressure ratio was considered sufficiently accurate to use 

as the pressure ratio corresponding to the value of the flow function. 

In the case of manual calculations, the press4re ratio could be obtained 

from Table III by making a two way interpolation. The use of logarithms 

was required in order to achieve the necessary accuracy. Since only sub

sonic flow has been considered, all pressure ratios will be less than the 

critical pressure ratio. 

A flow chart of Subroutine Diffu (Diffuser) is not presented since no 

control transitions or conditional statements were involved. Only a 

straight forward step by step solution of the equations is required. 

VIII. Turbine Analysis 

A. Preliminary Analysis based upon Design Drawings 

In order to demonstrate the application of the method and the 

usefulness of the computer program, 15 different computer runs were made. 

A list of the runs is given in Table VIII, Appendix V, which shows the re

fered rpm, specific heat ratio, gas constant, rotor tip clearance, and 
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blade flow angles of each of the runs. Print outs of the results of the runs 

are given in Appendix V. 

The turbine had been designed to run at 18,000 rpm and 1200 °F using 

Nitrogen gas as the working fluid. Since the test data presented in Table 

II and III were not available at the time of completion of the programming 

of the equations for computer solution, a series of computer runs were made 

using flow areas and rotor tip clearances based upon design data and the 

blade drawings . 

Exactly how much the rotor tip clearance and corresponding flow areas 

change with changes in temperature depends upon the design and the materials, 

and cannot be determined except by extensive testing. It was assumed that 

the high temperature of 1200 °F would cause both rotor tip clearances to 

be reduced, since some thermal expansion of the rotor blades and walls would 

take place. The turbine design indicated that the reduction of the clearance 

of the first rotor would be greater than that of the second, therefore the 

clearance of each rotor blade row was assumed to be the same at high tempera-

ture operating conditions .. 

1. Test Runs at Design Refered RPM 

The first four runs were made at design refered rpm using Nitrogen 

as the working fluid. The clearances and areas measured from the drawings 

were used for Run #1. The rotor tip clearances of .033 and .021 were reduced 

to .015, .010, and .005 for runs number 2, 3, and 4 respectively. The re

duction of the tip clearances caused a corresponding reduction in the flow 

areas as shown in Table VIII. 

A plot of refered flow rate versus pressure ratio was made, Fig. 33, 

using the results of these runs. The plot showed that the pressure ratio 

required for a given flow rate increases as the clearances decrease. 

2. Development of Maps and Indicated Turbine Performance 

Based upon the very limited information available, a rotor tip 

clearance of .015 was believed to be the best approximation of the actual 

clearance that would occur during operation. This clearance was assumed to 

exist over the range of refered rpm from 240 to 540. For Run #5 the com

puter was programed to compute the performance parameters over the complete 

range of refered rpm at intervals of 10. The refered flow rate covered the 

range from 2.0 to choking in steps of .1. Since a relatively large increase 
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in pressure ratio is required to produce a small increase in refered flow 

rate as the pressure ratio corresponding to choked conditions is approached, 

an additional run, #6, was made over the same range of rpm, but over a re

duced range of refered flow rate starting at 3.7 and increasing in steps 

of .01. The performance parameters corresponding to flows near choking were 

more accurately determined yet the data output and computor time involved 

was not excessive. 

The complete set of performance maps, Fig. 26 through 32, were drawn 

using the results of runs #5 and #6 . Although the data input to the com

putor was based solely upon the design information and an assumed rotor tip 

clearance, a general overall prediction of turbine performance can be made. 

This estimation could be refined when actual measurements of the blades and 

clearances were made. 

The three most important graphs of this set are Fig. 26, 27, and 28. 

From these maps all of the parameters which are needed to completely define 

turbine performance can be obtained if any two parameters are known or 

assumed. Turbine efficiency and power coefficient corresponding to given 

values of pressure ratio and refered rpm are presented in Fig. 26. The re

fered flow rate can be obtained from Fig . 27. The velocity ratio corres

ponding to the efficiency and pressure ratio of the operating conditions can 

be determined from Fig. 28. 

In order to draw the curves of constant pressure ratio and efficiency 

in Fig. 26, plots of power coefficient versus turbine efficiency, Fig. 29, 

and power coefficient versus pressure ratio, Fig. 30, were made. The data 

sheets for run #6 were also consulted in order to determine accurately the 

curves of constant ~fficiency for .780 and .784. 

From Fig. 26 it can be seen that turbine efficiency is a maximum of 

.784 at the design refered rpm of 441 . 8 and a pressure ratio of 2.69. The 

power coefficient corresponding to these condtions is .189. The effects of 

changes in either the pressure ratio or the refered rpm upon turbine effici

ency can be clearly seen on this map. 

A refered flow rate of 3.72 was obtained from Fig. 27 for the design 

refered rpm of 441.8 and the pressure ratio of 2.69. Fig. 27 shows that 

the pressure ratio changes for a given refered flow rate with changes in 

the refered rpm. This effect upon pressure ratio is more pronounced at the 
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lower values of rpm. The refered flow rate and pressure ratio at which 

choking occurs for a given refered rpm is shown by the point of termination 

of the upper ends of the curves. 

Fig. 28 shows the velocity ratio corresponding to pressure ratio and 

turbine efficiency. This map was developed from plots of velocity ratio 

versus pressure ratio, Fig. 31, and turbine efficiency versus pressure ratio, 

Figo 32. The curves of constant pressure ratio in the figure show that the 

operation of the turbine will be restricted to a fairly narrow range with 

the ma~imum efficiency occuring at a velocity ratio of .445 for a pressure 

ratio of 2.69. This plot also shows that the efficiency varies very little 

until pressure ratios too low to be used in normal operation are reached. 

B. Performance of Turbine with Redesigned N9zzle Blades 

The manufacturer had indicated that the nozzle blades would be 

redesigned so that the flow would enter the nozzle blade row at zero inci

dence. Such a redesign would reduce the losses in the nozzle which were 

at present excessive due m~inly to the large negative angle of incidence, 

The flow areas of the Nozzle, Rotor I, and Rotor II were to be reduced to 

8.28, 9.38, and 14.20 sq. in. The planned modification would reduce the 

loss coefficients i and S from .2050 and .2475 to .0828 and .1364 re-Se N 
spectivelyo 

Run #7 was made using the areas and loss coefficients for the modi

fication so that a comparison between the turbine performance of the ori-

ginal design and that of the redesign could be made A plot of refered flow 

rate versus pressure ratio for this run was included in Fig . 33. From a 

comparison of the printout of Runs #7 and #3, it can be seen that turbine 

performance would be improved by the redesign. The maximum efficiency would 

be increased from o791 to .819 . 

C. Attempted Correlation of Test Data and Program Predicted Performance 

When the open cycle test data presented in Tables II and III were 

received from the manufacturer, several computor runs w~re made at the same 

refered rpm as the tests in an attempt to correlate the theoreticpl results 

and the test data. There was insufficient time for a complete comparison 

to be made. A complete set of performance maps was not drawn in each case, 

only a plot of refered flow rate versus pressure ratio was made 
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The test data presented in Table II was obtained by the manufacturer 

from open cycle tests using air as the working fluid and methyl alcohol as 

a fuel for in-line combustion. The turbine inlet temperature and rpm were 

slightly lower than the design values and resulted in a refered rpm of 

420.9 . The pressure ratio across the turbine was 2 . 347. The mass flow 

rate was taken as the sum of the fuel and air fl ow rates and was 3 .44 lbs/ 

sec. The corresponding refered flow rate was 3. 925. 

In order to determine the specific heat ratio and gas constant of the 

flow, the ccmbustion gases were considered to be the products of the com

plete combustion of· methyl alcohol and air. Sample calculations of the 

specific heat ratio and the gas constant are presented in Appendix I. 

The manufacturer had measured the actual minimum flow areas of the 

blades assuming that a rotor tip clearance of .020 exis ted when the tur

bine was operating. The measured areas were different from those obtained 

from the original drawings. The measured area~ are listed in Table II. 

Runs #8 , 9, and 10 were made using loss coefficients and flow areas 

corresponding to rotor tip clearances of .010, .015, and .020 in. re

spectively . A plot of refered flow rate versus pressure ratio, Fig. 34, 

was made from which it could be seen that the measured flow rates for a 

given pressure ratio were greater than the theoretical at all three v alues 

of tip clearance, and that either larger clearances or flow areas existed 

in the operating turbine . 

Runs #11, 12, and 13 were made using a refered rpm of 407.4 which 

corresponded to the temperature and speed of Test II. The refered flow 

rate determined from the test data was 3 . 995 . Due to t he simularity of the 

conditions for Test I and II the curves of refered flow rate versus pressure 

ratio shown in Fig. 34 plotted very close to those f or the higher rpm of 

420.9. 

Additional test data was received from the manufacturer as the open 

cycle tests were completed. The refered flow rate and pressure ratio of 

each test was calculated and plotted in Fig. 34 resulting in a scatter of 

test points through which a single average curve was drawn for comparative 

purposes . The curve indicated that greater flow rates for given values of 

pressure ratio actually occured than was indicated by the compu t or program 

results . The percentage difference was not as great as the expanded scale 

of Fig. 34 would indicate. 
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Tes t data for two tests which were conduc t e d at low inlet temperatures 

was also included . The first of these test, Test Ill , was conducted at an 

inlet temperature of 715 05 °Ro The low t emperature resulted in a tempera

ture drop through the turbine of only 150 °R. Small errors in measurement 

of total temperatur e under such conditions can result in large percentage 

errors. The test was made at 14,000 r pm or a r efered rpm of 523.4. Com

puter run #14 was made at this refere d r pm using areas ratioed down from 

the measured value s t o values corresponding to a rotor tip clearance of 

. 015 . A curve of r efered flow rate versus pressure ratio was drawn, Fig. 

34 . Run #15 was made using the refered rpm of 594 . 3 at which Test IV was 

conducted . The resu lts of the computer run was plotted, Fig . 34 . In both 

cases the flow rate ob t a ined by the actual tests was slightly greater than 

the theoretical value calculated by the computer . The efficiency calcula ted 

from the actual te st s wa s much greater however , 84% compared to 77% for the 

theoretical computat ions. 

During the fina l reading of this paper i t was dis covered that the sign 

of the incidence ang les of the flow in t o Ro t or I and Rotor II was not in 

accordance with the s ign convention adopted, F i g . 2 . As a result the lqss 

coefficients presente d i n Tables IV and VI, and the corresponding graphs, 

Fig. 18 and 20, are i n error. The error involve d will not cause a signifi

cant change in the l oss coefficients or performance of the turbine under 

normal operating condit i on s. At reduced f low rates, where the incidence 

angle of the flow en t ering a rotor blade row is considerably larger than the 

blade angle, t he l oss coefficients will be le s s than those pre s ente d in 

Table V and VII. 

Vavra continued the investigation of the performance of this turbine 

using the same basic method . Loss coefficients for the rotors were cal

culated with the sign of the incidence angle s of the f low into the r otors 

taken in accordance with the sign convention pre sen ted in Fig 2 . Since 

the Reynolds number of the flow corresponding t o de sign condition s i s approxi

mately 7 x 105 , and is considerably grea t er t han 2 x 10
5 

for which the data 

in Ref c 6 appl ies, the profile loss coeffic i ent s were correc t e d f or Reynolds 

number e ffects us i ng the empirical relation sugge sted in Ref . 6 

' p = {2/7) ·
2 x[s ~ (for Re =1 2 X 10

5
)] 
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The values of ( p were reduced by 22.2%. 

Vavra developed a computor program independently and made a run using 

the same assumed rotor tip clearances, flow areas, and refered speed as 

Run 2. The resu lts of this run are presented in Table VIII . A maximum 

turine efficiency of 80,6% was obtained for a pressure ratio of 2.56 and 

a refered flow rate of 3.80 Considering the reduction in profile loss 

coefficients, the efficiency compares favorabl y with the value of 78 . 4%, 

for a pressure ratio of 2.69 and a refered flow rate of 3 . 72, obtained 

from Run 2. 

XI. Conclusions 

This method of turbine performance analysis will provide an accurate 

and rapid means of determining the performance of a subsonic,axial flow, 

multistage turbine providing the actual measured flow areas and rotor tip 

clearances e~isting during operation at high temperatures are known. A 

reduction in clearance will cause a corresponding reduction in f low area 

and flow rate for a given pressure ratio, and increase the efficiency. 

All the dimensionless parameters needed to completely define turbine 

performance can be obtained from the turbine performance maps. These maps 

show the effects of changes of one or more parameters upon the others. The 

plot of refered flow rate versus pressure ratio shows that a relatively 

large increase in pressure ratio is required to produce a small increase in 

refered flow rate at pressure ratios close to critical. 

As a result of the analysis of the performance of the two stage turbine 

investigate d it can be concluded that the turbine operates at a maximum 

efficiency of 78.4% when running at the design refered rpm and a pressure 

ratio of 2 .69 . The power coefficient corresponding to these conditions is 

.189. The operation of the turbine will be restricted to a fairly narrow 

range of velocity ratio with maximum efficiency occuring at a velocity ratio 

of .445. The efficiency at this velocity ratio varies very little until 

pressure ratios too low to be used in normal operation are reached. 

The redesign of the nozzle blade row, as proposedby the manufacturer, 

would reduce the pressure losses and increase the efficiency approximately 

3% to a maximum efficiency of 81.9%. 
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Cor r elat ion between the test da ta and pr ogr am results was as good 

as could be expec t ed considering the limi ted amount of test data available. 

In all cases t he measured flow rates for a given pressure ratio we r e greater 

than the theore t ica l values determined by the computor programs , however 

the percentage differances were not exces s i ve and closer correlation should 

be possible with a dd itional computor runs 
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Blade ~uw Pnd Gas Angle Geometry 

c chord -- straight line connecting the ends of the camber line 

t maximum tnickness of blade 

s spacing -- blade pitch 

a blade opening or throat -- height or mini.rnu.~ 1'low area 

te trailing edge thickness 

«o inflovJ anele 

o(t discharge angle 
)(. 

r / blade angle at inlet -,0 
~ 

c.( blade angle at tr3iling 'I 

i incidence angle 

edge 

~ designates stator blade angles 

6 designates rotor blade angles 

Sign Convention: ~l) Anglc5 are positive where velocity vectors hnve 

components in the direction of rotor motion. 



~2) Incidence angles are positive whe~ the def

lection angle is g~eater than for a flow 

entering at the blade angle. 
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Re = 2 X 105 ; M < O·G. 
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fLOW fUNCTION FOR GAMMA : l.~b IdBLE I~ 
PRESSURE 

RATIO lt:TA = .ooo .025 .050 .075 .100 .125 .150 .175 .200 .2,l5 .250 
1.00 .00000 .00000 .ooooo .ooooo .00000 . 00000 .00000 . 00000 .00000 .00000 .ooooo 
1.02 .19588 .1'l339 .19088 .18833 .185 75 .18314 .18048 .17779 .17506 .17229 .16947 
1.04 .27141 .26794 .26443 .26088 .25728 .25363 .24993 .24618 .24238 .23851 .23459 
1.06 .32580 .32161 • 31737 .31307 .30873 .30432 .29985 .29533 .29073 .28607 .28134 
1.08 .36886 .36408 .35925 .35436 .34940 • 34438 • 33930 .33414 .32891 .32361 .31823 
1.10 .40450 .3~922 .39388 • 38848 .38301 .37748 .37187 .36619 .36042 .35458 • 34865 
1.12 .43476 .42905 .42327 .41743 .41152 .40553 .39947 .39333 .38711 .38080 • 37440 
1.14 .46089 .45480 .44864 .44241 .43610 .42972 .42327 .41672 .41009 .40337 .39655 
1.16 .48374 .47730 .47080 .46422 .45757 .45083 .44402 .43712 .43012 • 42 304 .41585 
1.18 .50389 .4~715 .49033 .48343 .47646 .46941 .46228 .45505 .44774 .44032 .43281 
1.20 .52179 .51476 .50765 .50048 .49322 .48588 .47845 .47094 .46333 .45562 .44780 
1.22 .53776 .53047 .52311 .51567 .50815 .50055 .49286 .48507 .47720 .46922 .46113 
1.24 .55208 .54455 • 5 3695 • 52927 .52151 • 51367 .50573 .49771 .48958 .48136 .4 7302 
1.26 .56496 .5~721 .54939 • 54149 .53350 .52544 .,1728 .50903 .50068 .49223 .48367 
1.28 .57657 .56862 .56059 .55249 .54430 .53603 .52767 .51921 .51066 .50200 .49323 
1.30 .58707 .57893 .57071 .56241 .55404 .54558 .53702 .52838 .51963 .51078 .50182 
1.32 .59657 .58825 .~7986 .57139 .56283 .55419 .54547 .53664 .52772 .51869 .50955 
1.34 .60518 .59670 .58814 .57951 .57079 .56198 .55309 .54410 .53502 • 52582 .51652 
1.36 .61300 .60436 .59565 .58686 .57799 .56903 • 55998 .55084 .54160 .53226 .52280 
1.38 .62009 .61131 .60245 .59352 .584 50 .57540 .56622 .55693 .54755 .53806 .52846 
1.40 .62653 .61761 .60862 .59955 .59041 .58117 .57185 .56243 .55292 .54330 • 5 3351 
1.42 .63238 .62334 .61422 .60502 • 59 5 75 .58639 .57694 .56740 .55776 .54802 .53817 
1.44 .63769 • 6285 3 .61929 .60997 .60058 .59111 .58154 .57188 .56213 .55227 • 542 31 
1.46 .64251 .63323 .62388 .61445 .60495 .59536 .58569 .57593 .56606 .55610 .54602 
1.48 .64687 .63749 .62803 .61850 .60889 .59920 .58943 .57956 .56960 .55953 .54936 
1.50 .65082 .64134 .63178 .62215 .61245 .60266 .,927~ .58283 • 5 72 77 .56261 .55234 
1.52 .65440 .64481 .63517 .62544 .61565 .60577 .59580 .58575 .57561 .5653& .55501 
1.54 .65762 • 64795 .63821 .62840 .61851 • 60855 .,9850 .58837 .57814 .56781 .55737 
1.56 .66052 .65076 .64094 .63105 .62108 .61103 .60091 .59069 .58038 .56998 .55947 
1.58 .66312 .6,328 .64338 .63341 .62336 .61324 .60304 .59275 .58237 .57189 .56131 
1.60 .66544 .65553 .64555 • 63551 .62539 .61520 .60492 .59457 .58412 .57357 .56292 
1.62 .66751 .65753 .64748 .63736 .62718 .61692 .60658 .59615 .58564 .57503 .56432 
1.64 .66934 .6':)929 .64918 • 63900 .62875 .61842 .60802 • 59753 .58696 .57629 .56552 
1.66 .67096 .66084 .65066 .64042 .63011 .61972 .60926 • 5987 2 .58809 .57736 .56654 
1.68 .67236 • 66219 .65195 .64165 .63128 .62084 .. 61032 • 59972 .58904 .57826 .,6738 
1.70 .67358 .66335 .65305 .64269 .63227 .62178 .61121 .60056 .~8982 .57900 • 56807 
1.72 .67462 .66433 .65398 .64357 .63310 .62255 .61194 .60124 .59046 .57959 .5686? 
1.74 .67550 .66516 .65476 .64430 .63377 .62318 .61252 .60177 .59095 .58004 • 56903 
1.76 .67622 .66583 .65538 .64488 .634 31 .62367 .61296 .60218 .59131 .58036 .56931 
1.78 .67681 .66637 .65587 .64532 .63471 .62403 .61328 .60245 .59155 .58056 .56947 
1.80 .67725 .66677 .65623 • 64564 .63498 • 62426 .61348 .60261 .59167 .58065 .56953 
1.82 .67757 .66 705 .65647 .64584 .63514 .62439 .61356 .60266 .59169 .58063 .56948 
1.84 .67778 .66721 .65660 .64593 .63520 .62440 .61354 .60261 .59161 .58052 .56934 
1.86 .67788 .66727 .65662 .64591 .63515 .62432 .61343 .60247 .59143 .58032 .56911 
1.88 .67787 • 66 723 • 65654 • 64580 .63500 .62415 .61323 .60224 .59117 .58003 .56880 
1.90 .67777 • 66 70~ .656~7 .64560 .63477 • 62389 .61294 .60192 .59083 .57966 .56841 
1.92 .67758 • 66687 .65612 .64532 .63446 .623'55 .61257 .60153 .59042 .57923 .56795 
1. 94 .67730 .66657 .65578 .64495 .63407 .62313 .61213 .60107 .58993 .57872 .5674? 
1.96 .67695 .66618 .o5537 .64452 .63361 .62265 • 61162 • 60054 .58938 .57815 .56684 
1.98 .676~2 .66573 .65489 .64401 .63308 .62209 .61105 .59994 .58877 .57752 .56619 
2.00 .67603 .66521 .65435 .64344 .63249 • 62148 .61042 • 59929 .58810 .57683 .56549 
2 .20 .66012 • 6 5 711 .64607 .63500 .62389 .61273 .60153 .59028 .57898 .56 762 .55619 
2.40 .65674 .64563 .63450 .62335 .61217 .60096 .58972 .57844 .56711 .55573 .54430 
2.60 .64361 .63247 .62131 .61014 .59896 • 58775 .57652 .56526 .55397 .54263 .53126 
2.80 .62971 • 6185 7 .60743 .59629 .58514 • 5 7397 .5627~ .55159 .54037 .52911 .51783 
3 .00 .61561 .60450 .59341 .58232 .57122 .56013 .54903 .53791 .52678 .51563 • 5 041t5 
3 .20 .60163 .59058 .,7955 • 568 s 3 .55752 .54651 .53~50 .52448 .51346 .50243 .49137 
3.40 .58796 .5769~ .56604 .55510 .54418 • 5 3326 .52236 .51146 .50055 .48964 .47873 
3.60 .57472 .56383 .55296 .54212 • 5 3130 .52049 .50970 .49891 .48814 .47736 .46658 
3 .80 .56196 • 5~ 116 .54038 .52964 .51892 .50823 .4975, .48689 .47624 .46559 .45495 
4 .00 .54970 .53899 .52832 .51768 .50707 .49648 .48593 • 4 75 39 .46487 .45436 .44386 
4 .20 .53795 .52733 -~1676 .50623 .4~~ 73 .48526 .47482 .46441 .45402 .44364 .4 3328 
4 .40 .52670 .51618 .50571 .49528 .48489 .47454 .46422 .45393 .44367 .43343 .42320 
4 .60 .51593 .50551 .49515 .48482 .47455 .46431 • 4 5411 .44394 .43380 .42369 .41360 
4 .80 .50563 .49531 • 4 8505 .47483 .46466 .45454 .44445 • 4 3441 .42440 .41441 .40446 
5.00 .49578 .48556 .4753~ .46528 .45522 .44521 • 4 35 24 .42531 .41542 .40557 .39574 
5. 20 • 4 86 35 .47622 .46616 .45615 .44620 .43629 .42644 .41663 .40686 .39712 .38742 
5 .40 .47731 .46728 .45732 .44741 .43757 .42777 .41803 .40833 .39868 .38906 .37949 
5.60 .46866 .45872 .44886 .43905 .42931 .41962 .40998 .40040 .39086 .38136 .37190 
5 .80 .46036 .4~0~2 .44075 .43lU4 .42140 .41181 .40228 .39280 .38338 .37400 .36466 
6 .00 .45240 .44265 .43297 .42336 .41382 .40433 .39491 .385,4 .37622 .36695 .35777 
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TABLE I 

BL.A!Jb.: DIM:JilSiuNS AtiD M.:GL~ 

NO?.ZLE rtoTOR .L ::>T ~rruR :lOTOR II 

Inlet Diameter in. 12.8 12.8 12.9 13.1 

Discharge Diameter in. 12.8 12.9 13.1 13.2 

.Mea.'"l Average Diameter in. 12.8 12.85 13.0 13.15 

Mean Blade Height in. .660 .705 .875 1.004 

Hadial Clearance in. 0 .03) 0 .021 

Maximum Profile Thickness in. .100 .096 .093 .087 

Trailing ~dge Thickness in. .021 .036 .020 .034 

Nu:nber of Blades 79 83 79 83 

Throat "a" in. .190 .160 .1605 .1646 

Throat ~rea sq. in. 9.91 11.18 11.54 15.18 

Chord in. .660 .760 .765 .?65 

Spacing at Mean Diameter in. .509 .4865 .517 .498 

Inlet Blade Angle de g. -42.5 10.2 -23.5 8.3 

Outlet Blnde Angle de g. 70.0 -70.3 72.b -71.) 



OPEN CYCL~ Tt..ST DATA 

V/o~king Fluid--Air; Fuel for In-line Combustion--Methyl Alcohol 

TEST I TEST II 

Turbine lnlet Pressure psia. 34.5 35.0 

Turbine uutlet Pressure psia. ll. 7 14.7 

Turbine Inlet Temperature or. 1090 1204 

Turbine Outlet Temperature OF 825 917 

Turbine Air Flow lb/sec 3.35 3.30 

Turbine Fuel Flm"' lb/sac .0901 .1027 

Compressor lnlet Pressure psia. 1.4.1 14.0 

Cor.tpressor Outlet Pressure psia. 36.5 37.0 

Compressor lnlet Temperat-ure Op 6o 64 

t;o.r.. Outlet Temperature 
0..., 281 284 .ssor 1' . 

Compressor Air Flow lb/sec 3 .. 559 3.490 

Turbine Speed rp•n 16,570 16,620 

.t•1ow Areas as meAsured by the mcnufacturer assuming a radial tip 

clearance or .020 inches: 

NOZZLE 

ROTC.B. I 

STATOR 

ROTOR II 

10.32 sq. in. 

10.58 sq. in. 

11.72 sq. in. 

15.10 sq. in. 



T~BLE III 

Working Fluid--Air 
TEST III TEST IV 

Turbine Overall Pressure Ratio 2.087 2.652 

Turbine Inlet Temperature 715.5 715.5 

Refered Flow Rate 3.960 4.132 
\· 

Refered RFM 5~3.4 594.3 

Turbine Efficiency % 81.57 84.00 

Additional Test Points 

Pressure Ratio Ref. Flow Rate Pressure Ratio Ref. , m; Rate 

1.28 3.17 1.82 3.82 

1.)1 3.08 1.88 4.00 

1.38 J.h6 1.96 3.63 

1.43 3.10 2.01 3-93 

1.43 J.La 2.lb 3 .875 

1.1+7 ).50 2.27 4.00 

1.50 3.38 

1. 53 3-h4 

1.63 3.68 

1.65 ].1 ... 7 

1.68 3.72 

1.80 :
1 .67 

1.80 3.96 

65 
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I. Develo?m~nt of expression for the PolJ~r~pic Rxponent 

in terms of 'fe 
The efficiency of the flow process from the inlet to the r:tiniT.urn 

area of a blade row is equivnient to (l -:;e) and can be expressed 

in terms of the temperature ratio dT/dTis as 

In general 

Yi = dT I dT . = 1 - ,:-· · t J.s J e 

/.~-! 
(T - dTis)/T = ( (p - dp)/p) -~ 

1 - dTi 5 /T 
r--1 

(1 - dp/p) -r 

Expressing the right side or the equatJ.on in series form (1 -c) 

l-aT. = 1- c~r- 1)/r dp/p 
J.S 

or 

Since 
dT = dTis 

then dT/T - >1 ( j"'- 1)/J" dp/p -

1"-i 
lnT = ln p>'i ·-r- I Constant 

Intergrating 

thus T = n t:-' P l :,..-

In order to express this relation in the form of P~ = Constant for 

a polytropic process 

12 ('Y- 1)/l' = (1 - f 8 )( ~,- 1)/r = (n - 1)/n 

or 1/n = ( (1 -)e)( r- l) .;. r)/ r 

and n = i'''j( f (-r- 1) 1- 1) 
e 

b8 



II. DerivaU.on of the e~uation for the Approximate Pressure Ratio 

across a Blac.c .nu:i: 

The Flow Function wAs defined as 

The ratio p/P 0 is equivCJlent to (P 
0
-11 p)/P 0 or l - Ap/P o: 

Expressing the exponential terms in a binor.ial series expc:msion 

I 2/n / 2 (pP0 ) = 1 _~6p_ f (~n-1)(4~) .......•.. 
n P 0 n P

0 

( /p )(n f 1)/n n ~ 1 I 2 
P o_ = 1 t !:....z:...l n I ~ (ti:e '\ 

. n Po 2n Po} 

Substituting the series expressions in the Flow Function Equntion 

and reducing 

Solving for .Llp/P 
0 

and reducing 

_., 
~ -

(n - 1) 

so for a lst approximation P0 /p can be expressed as 

l = 
l - Llp/P 

0 

l . ·- ? -' 

11 [ 1 - !! [1 - \: 1 - ::> c -t - 1 
) 

0 
- j L 3 J ~ (n - l) \ 

I J • J 
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III. Sample calculation of the specific heat ratio and the gas constant 

of the combustion €C'ses produced by the combustion of :.rethyl 

Alcohol and Air. 

For Test I: Fuel Flow - .0901 lbs/sec 

Air Flm\' = 3.35 lbs/sec 

1~. W. of CH40H = 33.0 

M. W. of Air = 28.97 

A/F = 3.35/.0901 = 37.? lbs Air/lb Fuel = 4?.35 mols Air/mol Fuel 

Basis: 1 mol Fuel 

cH4oH I 8.9 o2 I 33.45 N2 ---- co2 I 2.5 H2o I 8.15 o
2 

I 33.45 N2 

20.8 Oxygen atoms available 4.5 Oxygen atoms required 

Therefore 20.8 - 4.5 = lb.) OA7gen atoms excess 

or 362% excess Air 

By entering Table 5 of Ref. 5 with the average temperature of 14.20 OR 

a specific heat ratio of 1.344 can be obtained. 

The average mol. wt. of the products of combustion ·was found to be 

28.7. By dividing this average into the universal gas constant (mR = 
1545) a value of R of 53.9 was obtained. 
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W' U.AT l OtrS fiND CALl:ULATIOI'JS JNVOLV ~D n.~ LOSS CO~.~PUTATIUt!S FOR r;o?.ZL :,!; 

Ftom Blade Prof~1cs: s = .509; c = .bcO; t = .lCO; te = .021; 

a= .1';10; o(l· .. -~ 70.c0 ; o(0~~ := -42.5; 

s/c ~ .771; t/c = .l)lc; t~/a = .1±04 

From Turoine Drawing: h ::: .bbO in. 

-----T-----------------------------ct 1 = cos- a/~ s - te/ cos~ 1-:c) = cos-l. .190/4.50<:1 - .02ljcos70. b) 

= 64. 8° 2: _ >f. 

(·~ ¥r - c~:J J 
yp(i: 0) = ryp( c( o*= 0) I ,.:, )[ 1P k.\-.xt YPr<: c c~J (t:~) "'' = 

= r030 ~ c-~z:~Y~ [-126 _ .0301 (·l~;brt-~z:~) :; .0634 

o(l(s/c::: •7))= o(l/.9<:15 =- b4.8/.995 == 6).0° 

o(0 ·::/o(1(.s/c = .7))::: -42.5/b')::: -.654; is~s/c:: .?5) ::: 20.0 

A is.:=. -1.2; ~s:: 20.0 t (.-1.2) = 1<3.8° 

i/i5 ::: -4~.5/18.8 = -2.26; !p/Xpti~ O)::. 3.15; Yp(.i= -42 .5):::: .1995 

fp =- Yp/<..1 I Yp) -;:; .1<:19)/tl .;. .1995) ::: .1b70 

l9- = 1.2/~1.2 1- 'f J = 1.2/~1.2 1- .1c70J := .8'19 
I p 

:;tb"'~ja = 'S'p/~1.2 t '$'pJ := .lc?O/t1.2 f .1c'10) == .122 

r e = .9 ~1 -·\9-2 ) :=' .<)X tl- .8'-}7
2

) := .20')0 

A 1 = ffD 1 h1 cOS o( 0-3:- =: 3 .14 X 12. 8 X • bb X • T3' I = 19. )8 

A2 :=- 11D2h2cos c< 1 = ) . .14 x 12.8 x .6b x ::: 

2 
1 :::: f [\A;/AJ ) J ::: r· H-~~~~~ 
/l 1 f \lD/OD) 

= 9 007b fr·om Fig._ 

Cl(m::: tan-l \tanc<
0 

t tano(1;/2:::: l.an-1 (.0 1- 2.13)/2 - 46.8° 

Y5 ~i: _42 _5) .::: 4 ".l (.cos~1/cos<'4m) ltnn<:'<' 0 - tanc( 1 )2 

= 4 X .007b X \.l8l/.b8)) X (0- 2.13)2 ~ .0jb4 

)s -= ! 5 /ll t Is) ::: .0)04/(.1 ) .03b4) = .O))l 

-r{ te = .3~te/a)(~/±. ~/aJ = .3 x .1104 x .1c?/.122 :: . 04)4 

f total~ 'fp 1- S: f ~e ::: .1b?O f .0))1 f .04)4 :::. . 2475 

']2 



:SCUATIONS p:n C~.LCULl\TIONS r:voLV .:J) n: LOS~; CC:,!PUTNT'IONS r0:1 :1ar0:t I 

?rom Blade Profiles: s = G486~; c = .760; t = .096; t 8 = .036; 

a = .160; ;J -/:' = -70 .. 8; !3{-:.- : 10.2 

s/c = .639; t/c = .1?6); t 8 /e = .2?5 

r·rom Turbine Drawing: k(cold) = .0)3; h = e705 

}.3; ~ ~o;~I ~/ts---t:/~o;A?2~)-=-c~s:l-.l60/(.4s6)---.03b/~o;-?o~8); 
4 0 ~ 

= -
6 

•

9 
S " f;3,'f . J]( -(:z) 

Ypli = o) = 2 Ypl}11 ;: o) I Le~)~PG:3;:: ~)- YP (l3i-Jf~o) ~kc) 

= [.034 1(._10.2)
2(,117- ,03ij](-·l26)\-~~4:~) :0 ,036 X ,93:0 ,0335 

64.9 . .2 1 
f32(s/c = .75) = ,'32/1.035 = -64.11/1.0~5 = -62.7° 

/.31*j32Cs/c = .75) = 10.2/-62.7 = -.lo~; is ~s/c = .75) = 35.0° 

~p = Yp/tl I Yp) = .0335/tl t .03))) = .0324 

"\9" = 1.2/(1.2 I) pJ = l.2/tl.2 I .0324J = .1174 

:>e = .9 (l -1r2) = .9 x (l- .9742) = .04o 

~J-::/a = -rp/~1.2 f )p) = .0324/(1.2 I .0324) = .02o2 

A1 = fYD1 h1 cos ,9 ;~ = 3.14 X 12.8 X .,66 X cos .10.2° = 26 .. 1 

A2 =~D2h2cos/.?2 : 3.14 X 12.9 X .7~ X cos b4.11° = .12.11 

= f [.123] 

Equations ror Y5 and.·yk hold between -1.5 and l.O i/i5 : ~See Ref. G) 

2 2 Is = 4/l. (cos 13 2/cos,.Gm) (tan.S 1 - tan/32) = 

: 4 X .0008 X (.180/.690) X ( 0- (-/. . .ilJ) 2= .OJlo 

Yk = 2 k/h (cos2S 2/cos/}m) (.tanA' 1 - t:m/32)
2 = 

: 2 X .0.3~/.705 (.180/.690) ( 0- \-2.11)) 2 = .10~ 
where /3m = t.~n-1 ((tan;91 1- tan/-?2 )/2) = tan-l(-1.055) = -46.4 

7~ 



'$'
5 

=- Y
5
/\l f Y

5
) -= .031b/t1 t .O)lb) = .030b 

r-k = Yk/(1 t Yk) ==- ~1090/ll /- .1090) = .o<;<;O 

fte .3\te/aJ(>;/_i.{/a) ::: .) x .225 x .0324/ .O?.b2-= .083) 

f t.etal = ri3 ; fs /. )k 1- f-bo -z !QJy& /- i.'~)O& 0 ,PQ~O f. .oe3 ~ ~ .2400 
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,., 

TABlE V. 

ROTOR I LOSS COEFt<'ICIEN'I'S 

;91 70 60 50 l~O 30 20 10 00 -10 -20 -30 
-·- ·• ·-· -~;-. ----

-40 -50 - 0 -70 

i -59.8 -49.8 -39.8 -29.8 -19.8 -9.8 .2000 10.2 20.2 30.2 40.2 50.2 60.2 70.2 80.2 

i/is -1.55 -1.29 -1.03 -.775 -.515 -.24) .0052 .26)0 .5250 .7850 1.040 1.305 1.5601.820 ?.080 

Yp/Yp(i = 0) 2.18 1.87 1.60 1.38 1.20 1.07 1.00 1.00 1.20 1.75 ?..lb 3.40 4.80 

Yp .0730 .0626 .0536 .0462 .0402 .0358 .03~5 .OJJ) .0402 .0)50 .0775 .1140 .1610 

)>p .0680 .0590 .0510 .0442 .0387 .034b .0324 .0324 .0386 .0520 .0720 .1024 .1387 .-------
cp .947 .953 .960 .964 .970 .972 .974 .974 .970 .956 .947 .921 .895 

1;;_)j* /a .0536 .0469 .0408 .0355 .0313 .0280 .0262 .0262 .0312 .0441 .0532 o0785 .1035 

>e .0926 .0828 .0710 .0640 .0530 .0495 .0460 .0460 .0530 .0725 .0976 .1350 .1750 
-

_..__. __ - --
'fte .OS5b .0850 .0345 .0841 .Of~35 .0835 .083) .0835 .083) .OS49 .0856 .0880 .0905 

-· --· 

/3m 17.5 -10.8 -24.7 -32.4 -3'1.4 -41.2 -44.0 -46.4 -49.0 -51.0 -53.4 

Ys .1210 .07h0 .0588 .050) .04hb .0398 .0357 .Ojlb .0280 .0238 .0193 .0193 .0193 

fs .1080 .0690 .0560 .0480 .0427 .0383 .03h5 .0306 .0/'13 .0232 .0189 .0189 .0189 
-·~----

·-

yk .l~160 .2450 .2020 .1735 .1530 .1370 .1230 .1090 .0960 .08?0 .0660 .0660 .Ob60 

fk .2940 .2020 .1680 .1M30 .1320 .1210 .1100 .0990 .0880 .0758 .0620 .0620 .0620 
- -

'S·' totR1 .5560 .4150 -3590 .3240 .2970 .2770 .2600 .• 24b0 .2370 .2370 .2470 .2710 .3100 
- - ----· 
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o(2 

i 

i/i5 

TABLE VI 

STI\TOR LOSS COEFFICIENTS - -
-70 -60 -50 -40 -30 -20 -10 00 10 20 30 40 50 60 70 

4b.5 36.5 26.5 16.5 6.5 -3.5 -13.5 -23.5 -33.) -43.5 -)3.5 -63.5 -73.5 -~3.5 -93.5 

1.28 1.01 .73 .4b .20 -.10 -.37 -.65 -.93 -1.20 -1.48 -1.75 -2.02 -1.30 -?.58 

Yp/Yp(i=O) 2.90 2.06 1.44 1.12 1.00 1.00 1.10 1.30 1.52 1.75 2.07 2.40 2.78 ).19 3.60 

Yp .1210 .0855 .0600 .04b) .041) .041) .04)b .0540 ~0630 .07?b .0360 .0995 .1152 .1323 ~1492 

fp .10~0 .0786 .056b .Oh4) .OL~OO .0400 .04."Jb .051/. .05_92-__=-.C2_~.?4 .07CJ2 .0905 .103:> "'1.....1?0 . _}~ '2£_ 

<f .920 .940 .956 .964 .,968 .968 .964 .959 .954 •9/-+7 .940 .930 .,921 o'/12 .902 

>._~·:</a .0705 .0615 .01~51 .035'1 .0322 .0322 .0350 .0410 .OL~7G .0540 .0620 .0700 .0795 .D890 .,0977 

~e .1400 .1040 .0765 .0630 .0)75 .0)7) .0620 .0730 .0820 .0930 .1090 .1210 .1385 .~510 .lbRO .. .. --· -· .. - .. 

)te .0483 .0478 .Oh?O .0466 .0465 .0465 .0406 .01~67 .~'·70 .0473 .0478 .01~83 .OM36 .04.91 .01~98 

o(m 

Ys 

fs 
yk 

)\ 
'ftotn1 

23.3 35.0 41.3 45.3 48.3 50.4 52.5 54.J 56.0 57.8 

.0661 .0661 .05b8 .0510 .04b4 .0427 .03RO .0360 .0324 .0289 .0248 .0248 .0248 .IT248 .0248 

.0620 .06?0 .053~ .0485 .0Ji4J .0410 .. •.0366 _ .0348 o03lJ-+ c~?~! ,024/ .0242 .0242 ~ ~242 .0/.42 

.oooo 

.oooo 

.2180 .lEV~4 .1574 .1396 .1310 .1275 .1268 .1):.!7 .137) .l4J8 .15.l2 .lb30 .1763 .1903 .201,0 
- ----- · -1 
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' · 

--------- --
TA?LE VII 

ROTOR II J F·~S COJ:~FFIC IEUTS 
-=·-= .. 

J33 I 70 60 50 40 30 20 10 00 -10 -20 -jO -40 -50 -bO -?0 

i -61.7 -51.? -41.7 -jl.7 -2l.'l -11.7 -1.7 8 • .)0 18.3 28.3 jB.j 48~3 58.3 68.3 '18~.5 

i/i 5 -1.60 -1.34 -1.08 -.82 -.56 -.303 -.044 .215 .L~ 7'J • '/j4 • CJ900 1. 2)0 l. 510 J. 770 ? .030 

Yp/Yp\i:.:: 0) I 2.20 1.90 1.63 1.43 1.22 1.10 1.00 1.00 1.12 1.46 2.00 3.00 4.51 

y I .068) .0';91 .0507 .0445 .0380 .0342 .0.)11 .0311 .034V .04';? .062? .09;4 .1400 
p 

)p I .0641 .0558 .0482 .0426 .Oj56 .Ojjl ._Q)02 .030~ .03J'l .04j? .0)8') ~085) .l::>_dO 

cp .94<-J .955 .962 .965 .971 • CJT?. .CJ75 .97) .1.}'/2 .96'; .9';) .. 934 .906 

~Sla .0507 .01~45 .0387 .0343 .0288 .0268 .024b .024o .0271 .0350 .,04b') .Ob')5 .0930 

fc .0900 .076) .Ob5? .0620 .0486 .OM~5 .01~40 .0440 o048'; .Ob?n_~ 0810 .lljO .1580 

~te .078'J .0'1"1'1 .o·n1 .o·no_ __ ~ 076_o .0765 .0760 .0760 .0'1'/l. .0771 .0780 .~' .'L.08?o~~·-· 

13m 16.7 -11.6-25.4 -33.0-38.0 -41..'1 -44.4 -47.0-49.3 -)1..4 -53.7 

Ys .11?0 .0710 .0570 .OL+';/0 e04.55 .Oj'-.10 .Oj')O .Ojl.O .02'12 .02:55 .0190 .0190 .0190 D'I90 ~0190 

'fs .10.)0 .. .,0660 .0540 .01~80 .04~0 .Oj80 .OjL~O oOjOO .02'10 .0230 .0190 .0190 .0190 ~~190 ~0:90 
- • - - ·-- ___ lf-.~ ... ·---·-

yk .1850 .1140 .091? .07CJO .0'/00 .Ob24 .O)bj .O)CO .0438 .0377 .0306 .OJ06 .0306 .D306 .0306 

)\: .1560 .~o?_; .oe~s .07~l. .o:~~· .o:,so .O'J)h .04'/0 .0420 .O:Jo4 .02<J't .0.2J.? .o~n D2Y7 .• Q/"~ J 
) total .4020 • 3020 • ?b .1 0 • 2410 • 2.c00 • 2060 .19h0 .12 hO .1800 .1800 .l8t10 • 21)0 • 2:>40 

... -- --·---
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APPENDIX III 

Basic Fortran Program 

Table of Fortran Names and Symbols 

Flow Charts 
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FORTRAN l~P\ES, E uiv,·L~};T S~'ROLS. A]JD DEFJNlTiuNS 

ALPW.O C((l, 3) 

AR 

AS 

!:5ETA1 

BETAO 

Cl 

C2 

G3 

GP 

DIFF 

DlFFU 

DMI 

DMO 

lJTD 

DTlSO 

i.JTO 

DT.tt 

UTS 

Ae(2,4) 

Ae(l,3) 

/J(l,J) 

;9t2,4) 

cl 

c2 

c3 

cP 

Dm(l,3) 

D0(2,4) 

.A TisD/To 

~Tis/To 

AT/'1'0 

ATR/~o 

Intermediate step in calculRtion of the Approx-

imate pressure ratio acrcs3 a blade rovw. 

Angle of absolute ve!oci~¥ et in1e~ to Ne~~l~ er 

Stator. 

Angle or absolut-e veloc~t-y at. ent from Nozzle 

or Stator .. 

Minimum rlow area oct-ween rotor blades. 

Minimum rlow area bet'tleen st.ator blad.es. 

Angle or relative velocity at inlet or Rotore 

Angle of relative velocity at exit from Rotoro 

Gonstant; See Sample Calculat-ions 

Constant; See Sample Galculations 

Constant; See Sample Calculat-ions 

Specif~c heat at constant- pressure. 

Difference 

Diffuser 

Hean diameter at inlet t-o rotor blade row. 

Mean diameter at exit from rotor blade row. 

Is3ntropic temperature drop through tne cirrusor. 

lsentropic t-emperat-ure drop across a blade row. 

Actual temperature drop across a blade row. 

Temperat-ure rise due to tne kenet-l.c energies or 

the relCl.tive and perpheral velocit-ies pertaining 

to toe ro"Lor. 

Temperature rise due to tne kenetic energy or 

the absolute velocity of the flo".'; leaving the rotor. 
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DTT 

DUG 

DUN 

UUNM 

DTV/ 

l!.!AIJ 

El'ADA 

~TAT 

~XPl 

ExP2 

l!.XP3 

~XP4 

EXP5 

GAM 

IBR. 

ICR 

I FLAG 

L 

or 

ATisT/'l'o 

l/~P/pJm2 

A'l' /'1' w 0 

n 

f7A 
)1.r 
2/n 

\n .f 1;/n 

ml 

m2 

n/ln I 1) i 

/Q 

IA 

Isentropic tc.:nperat.ure drop through t.he turbine. 

lntermea~ate step in the c~:culation of an 

Approxirnat.e .r·lm•1 runction. 

crit..ical value of t.he r·low Function. 

.lnt.ermeaiate st.ep in t.he calculation o1' an 

Approximat.e r-low runct.ion. 

Intermeaiate step in tne calculation or the 

crit.ical value or tne r·low !"unction. 

Act.ual temperature arop ncross the turbine blade 

rows. 

Yolytropic exponent 

Diffuser erficiency 1'or iaeal axial exit ot the 

rlow. 

Actual aiffusor efficiency. 

Overall turbine efficiency. 

Pressure ratio exponent. for polytropic process. 

Pressure ratio exponent for polytropic process. 

Pressure r2tio exponent ror isentropic process. 

Pressure ratio exponent ror isentropic process. 

Pressure r?.tio exponent ror polytropic process. 

Specific neat ratio (CP/Cv). 

Flag allo·wing decision for control branching. 

Flag allovang decis~on !'or control branching. 

Flag allowing decision for control branching. 

Pass or stage number. 

Value of 1'lcT:1 function correspcnding to the 

approY~mate pressure r~tio. 
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arA 

OTM 

p 

PC 

PR 

PRA 

PRC 

PRE 

PRill 

PROE 

PROR 

PROS 

PPJtO 

PRSO 

.H. 

RltATE 

RRPM 

T 

It 

P/p 

Ps/Po 

R 

vJfT0 /P 0 

N/}'T
0 

T/T0 

.' 

Flo·w · Fur1ction for a blade row. 

Maximum V<>.lue o1' the flow function for a bla.de 

row; choking occurs. 

Rati9 gf 'the st1atic pressure after a r{;JW of blades 

to the turbine total inlet.ryressure. 

Horsepower in coefficient fom. 

Ratio o1' total pressure at inlet to static press

ure at exit for a blade rowe 

ApproXL~ate total to st8tic pressure ratio across 

a blace row. 

Critical pressure across a olade rowe 

Ratio of total pressure at exit rrom diffuser to 

static pressure ahead of the airfusor. 

Reciprocal of the overall turbine pressure ratio. 

Overall turbine pressure ratio. 

Ratio of total pressure after a rotor blaae row 

to the total pressure at · inlet to the turbine. 

Ratio of tctal pressure after a stator blade row 

to the total pressure at inla~ to the turbine. 

Ratio of the total pressure to the static pressure 

at exit from a rotor ble.de rm·1. 

Ratio of the total pressure to the st?.tic pressure 

a~ exit from a stator blade row. 

Gas constant; ( 1)4.?/i,iolecular v1eight) 

Refered Flow Rate 

Refered Speed 

Honcimensional. total temperature a!'ter a blace row. 
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':'IS T/'r. 
~s 

Rati:~f the t emperature at inlet to the temperature 

at exit of a blade row for isentropJ.c conditions. 

Equivalent tereperature at inlet to a rotor blade 

TS Equivalent temperature at 1nlet to a stator b.Lade 

row. 

UI Utl,3)/YT
0 

Perpheral speed at tne mean r.1aius and rotor 

inlet. 

UO Ul 2, 4)/tf0 Perphera.L speea at the nean radius and rotor 

v 

VD 

VM Vm/J~ 

VRATIO UAVG./C0 

vu 

VI 

wu 

Zt_R,S) 

ZE(R,S ) 

G 
0 

vu/ffo 

W/J'T0 

Vl !(if u 0 

f 
fe 

exit. 

Absolute veloc1ty of rlow. 

Absolut-e velocity of r.Low at discharge rrom the 

diffuser. 

Meriaional component or the absolute velocity. 

Velocity ratio ror the turbine. 

Theoretical ve.Locity ror isentropic expans1on rrom 

stagnation pressure at turbine inlet to static 

pressure at dii'fusor discnarge. 

Perpheral component or the absolute velocity. 

nelative velocity of the flow. 

Perpheral component or the relative velocity. 

Total loss coefficient for a·row of bl.:des. 

Expansion loss from inlet to the throat of a 

blade row. 
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PROGRAM TURB H~ E 
0 0 I f'' ENS I 0 N i\ S ( 2 0 ) , D f.1 I· ( 2 0 ) 7 D M 0 ( 2 0 ) • ALPHA 0 ( 2 0 ) , A R ( 2 0 ) , RET A 0 ( 2 0 ) , 
1 Zf:S2(l5)~ ZS2(11), Zf:R(15,/), ZR {15,2) ,ZE(2), Z(?) 
0 C 0 fv1 i-1 0 N GAt'~ , R R A T E , R R P tv1 , P R 0 S , T R , U 0 , R E T A I , A L P H A I v P R 0 R , T S , 
1T, Pt VM, AS, DrH, DMO, ALPHAO, AR, BETI\0, !FLAG, ZES2, ZS2, 
2ZER, ZR, R, L, ZE, Z , OTA, PR ,ETAT, PC, PROE, VRATIO,ICR,IBR, 
~~~~ ~ ~!~2' 1\D 

R = 55 .. 16 
ETA0=.70 
A0 =92 .. 3 
Dt\V= 13.0 

OREAO INPUT TAPE 3, 1., {L\S(I),I =1,2), (DMI(l),I=I,2), 
1 ( D MO ( I } , I= 1 , 2 ) , ( A R ( I ) , I = 1 , 2 ) , ( l E S 2 ( I ) , I= 1 , i S ) , 
2 ( Z S 2 { I ) , I= 1 , 1 ') ) , ( ( Z E R ( I , L ) , I = 1 , 1 5 ) , L = 1 , L ) , ( ( Z R ( I , L ) , I= 1 , 1 5 ) , l = 1 , 2 } 

READ INPUT L'\PE 3, 654, (ALPHAO(I),I=1,2), (RETAO(I) 7 1=1,2) 
1 F 0 R P-1 AT'- ( 1 6 F 5 • 0 ) 

6 54 F 0 R i'-1 A T ( 11 F 8 • C ) 
20FORMAT (5HlRRPM,6X,5HRRATE,4X,4HETAT,4X,2HPC,6X.,4HPROE,6X, 

16HVRA.TI0) 
DO 4 r ~ J = 240,540,10 
RR pr-.1 =J 
WRITE OUTPUT TAPE 4,2 
DO 300 K = 20,50 
B = K 
RRATE = 8110. 
TS=l. 
PROR=1. 
ll::( 1) = o2050 
l ( 1 ) = • 24 75 
ALPHA! = -.7417~ 
DO 200 L=1,2 
CALL STATOR 
IF(ICR) 18,18,300 

18 IF(IFLAG) 20,20,900 
20 CALL ROTOR 

IF( IBR) 19,19,300 
19 IF(IFLAG)200.,200,800 

200 CONTINUE 
CALL DIFFU 

·WRITE OUTPUT TAPE 4,3, RRPM,RRATE,ETAT, PC, PROE, VRATIO 
3 FORMAT (F6.1, F~.2, F8.3, F7.4, F9.3 7 F11.4) 

300 CONTINUE 
900 WRITE OUTPUT TAPE 4,10,L 

10 FORMAT (31H FLO ~ CHOKED IN STATOR PASS NO.I2) 
GO TO 400 

800 WRITE OUTPUT TAPE 4,1 I,L 
11 ~ORMAT (30H FLOW CHOKED IN ROTOR PASS NO.I2) 

400 CONTINUE
END FILE 4 
END 
FUNCTION EX~3 ( GAM) 
~XP3 = (GAM -1.) I GAM 
RETURN 
END 
FUNCTION EXP4 (GAM) 
EXP4 =GAM I (GAM-1.} 
RETURN 
END 
FUNCT!"ON Cl (R) 
C1 = SQRTF (R I 32.174) 
RETURN 
END 
FUNCTION C2 (R,GAM) 
C2 = SQRTF (64.348 * R * GAM I (GAM- 1.)) 
RETURN 
END 
FUNCTION C3 (R,CAM) 
C 3 = 1 • I ( 6 4. 3 4 8 * R * GA f'J: I ( GA ~1-1 • } } i:· 1 • E 4 
RETURN 
END 



lnitialize 
GhM; H.; .>:,TAD; AD~ UAV 

! Do PJ1P~.~ 2L~o -- 540 ( 50) I 

I 
l 
~-. 

t 

Initialize 
TS~ PROR: 

r 

! 

I 
I I r Jnd 1 
I No 
~~ f Yes 

~ 
f 

lind I 
No 
J 

r\o 
I 

~~>-res ----~--~ 
t t Yes 
I No 

t 
I Call H.ot.or I 

i 

Ies__._/~ 
~\=Vr-i~t-e~U-ut_:____ f 

Flow Choked 
in Rotor No. 

No 
I 

! Call n{rruso::- I 
r 

I Wrlte uu.r. Answers 

rc-on\inue 
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SUBROUTINE STA TOR 
OOCMENSION AS(20), 0~1(20), OM0(20), ALPHA0(20},A~(20l, BETA0(20), 
lZES2(15), ZS2(15l, !LR (15,2) 1 ZR(l~ 7 2) ,ZE(2), L(? ) 
U C 0 r·, M 0 N G A f"1 , R R A T E , R R P t-1 , P R 0 S , T R , U 0 , R E T A I , A L P H ~ I , P R 0 R , T S , 
l T . P , V M , A S , 0 f'-1 I , D f.~ 0 , A L P H A 0 , A R , B E T A 0 , I F L A G , Z E S 2 , Z S 2 , 
2ZcR, ZR, R, L, lE, Z , OTAv PR ,ETI\T, PC, PROE1 VRATIO,ICR,fBit, 
SOAV , ETAO, /);0 

ICR = 0 
OTA =RRATr I PROR * C1(R) I AS{l) * SQRTF {T$) 
9~ ~ t18~~179- /\LPHAI) I '617453 + L. 
BH = JR 
OIFF = 131 - HB 
ZE(2) = (ZES2(JH + 1)- ZES2(J8)) * OIFF + lES2(J8) 
Z(2) = <ZS2(JB + 1)- ZS2(J8)) * DIFF + ZS2(J8) 
CALL RAfiO 
IF (!FLAG) 30, 30, :11 

30 P = PROR I PR 
TIS = PR ** EXP~(GAM) 
OTIS= (TIS- 1.) I TIS 
OTISO ·=OTIS* TS 
DTO = DTISO * (1.- Z(Lll 
T = TS - OTO 
V =C2 (R,GAMl•SQRTF (OTO) 
Ul = .004361 3 * RRPM * DMI(L) 
UO = .0043633 * RRPM * OMO(L) 
VU = V * SINF(ALPHAO(L} ~ 
VM = V * COSF(ALPHAO(L)) 
WU = VU - UI 
W = SQRTF (VM • VM + HU •WU) 
DTR = C3 (R,GAM)*(W•W+UO•UO-UI•UI) •1.E-4 
TR = T + DTR 
PRSO = ( 1. + OTR I T) ** EXP4(GAM) 
PROS = PRSO * P 
BETA! = ATANF (wU I VM} 
IF ( 1.22173 -ABSF( BETAI> )321 ,31,31 

32 1 I C R = l 
31 RETURN 

END 
SUBROUTINE ROTOR 

OOIM~NSION AS(20), 0~1(20), OM0(20l, ALPHA0(?0),AR(20), BETA0(20), 
1ZES2(15l, ZS2(1~l, Zf:R(15,2), ZR(J5,2) ,ZE C2), Z(2) 
0 C 0 M t-1 0 N GAM , R R A T E , R R P :-1, P R 0 S , T R , U 0 , B t: T A I , A L PH A I , P R 0 R , T S , 
lT, P, VM, AS, Ot·H, OMO, ALPHAO, AR, BETAO, IFLAG 7 ZES2, ZS2, 
2ZER, ZR, R, L, ZE, l , OTA, PR ,ETAT, PC, PROE, VRATIO,ICR,IBR, 
3DAV , ETAD, 1\0 · 

113R = 0 
OTA = RRATE I PROS* Cl(R) I AR(L) * SQRTF (TR) 
81 = ( 1.22173- BETA!) I .17453 + 1. 
JB = 81 
BB = JB 
0 IFF = B 1 - BR 
ZF (L) = (ltR((JB + l),L)- ZER(JB~L}) * DIFF + ZER(JB,L) 
Z( Ll = ( ZR((JB + 1),L) - ZR(JR,L}) * DIFF + ZR(JR,L) 
CALL RATIO 
IF (!FLAG) 40, 40,41 

40 P = PROS I PR 
TIS = PR•* EXP 3(GAM) 
OTIS= (TIS- 1.) I TIS 
DTISO = OTIS * fR 
OTO = OTISO * (I.- Z(L)) 
T = TR - DTO 
W = C2(R,G I\Ml*SORTF (OTO) 
WU = W * SINF (BET/\O(L)) 
VM = W * COSF <BETAO(L)) 
vu = wu -.'- uo 
V = SORTF (VM * VM + VU * VU) 
DTS = C5(R,GAM) * V•V*1.E-4 
TS = T + DTS 
P R R 0 = { 1 • + 0 T S I T ) * * E X P 4 ( G A t\1 ) 
PROR = PRRO * P 
ALPHA! = AT AN F (VU I VM) 
I F { l • 2 2 l 7 3 - A 13 SF ( A L PHI\ I ) ) .:S 2 2 , 4 1 , 4 1 

322 I R R = 1 
41 RETURN 

END 



!Start! 
.,. 

!set ICR = oj 
,__ __ _t ~-1 
!Calculate OT~ 

Interpolate for 1 
Loss Coefficients( 

'f 

=>--Yes -;;.----l Return I 

No 
t 

Calculate: 
p 

TIS 

DTISO 

DTO 

T 

v 

UI 

uo 

vu 

VM 

vm 

DTR 

TR 

PRSO 

PROS 

8b 

!Return I 

+ 
Yes -;--I Set ICrt 



I Return l-.(- No 

Sl~'1ROU'T'T:'JE ROTOR. 

! St.:lrt I 
,__ __ '1' 
I Set rim-;-Ql 

I C?.lcnlC1te OT;\ 1 
---~~.----

Intel""';olnte for 
Loss C~efficients I 

I Call ::tatio I 
l' 

v-Yes > !Return!· 

No 
t 

' Calculate : 

p 

TIS 

DTISO 

DTO 

T 

~·m 

VM 

vu 

v 

DTS 

TS 

PRRO 

lBR -= 1 I 
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SUBROUTINE OIFFU 
0 0 I P-1 E N S I 0 N A S { 2 0 ) , 0 t·f I { 2 0 ) , D r--1 0 ( 2 0 ) , A L PH A 0 ( 2 0 ) , A R { 2 0 ) , 8 E T A 0 ( 2 0 ) , 
1ZES2C15), ZS2C15), ZERC15,2), ZRC15,2) 7 ZE.2), 7{2) 
0 C 0 f-1 1'-1 0 N GAM , R R A T E , R R P .'"i , P R 0 S 1 T R , U 0 v B t: T A I , A L P H A I , P R 0 R , T S , 
1 T , P , V t-i , AS , 0 1"1 I , 0 M 0 , ALPHA 0 , A R , BET 1\0 , I FLAG , Z E S 2 , Z S 2 , 
2ZER, ZR, R, L, lE, Z ? OTA, PR ,ETI\T, PC, PROE, VRATIO,ICR,IR!?. 7 
:SOAV , ETAO, AD 

ETADA = ETAO * COSF CALPHAI) **2. 
DT\-J = 1. - T S 
f~ ~ ~ I 77~s17 * ~~M I 
PC = RRATE * CP * DfW * 
VD = RRATE * R I AD * T 
OTO = C~CR,GAM) * ETAOA 
PRE = { 1 o + OTO I T) ** 
PREO = PRE * P 
PROt = 1. I PREO 

( filq A ~ 1 " ) 1;oss · 
I P 
* CVM * VM - VO * VO) •l.E-4 
EXP4CGAM} 

OTT= 1. - PREO ** EXP3CGAM) 
ETAT = DTW I DTI 
VRATIO = .004363S I C2CR,GAM) * RRP~~OAV I SQRTF CDTT) 
RETURN 
E;~o 
SURKOUTINE RATIO 

0 0 I MENS I 0 N A S { 2 0 ) , 0 i'-~ I { 2 0 ) , 0 t--1 0 ( 2 0 ) , A L P ~I A 0 ( 2 0 ) , A R { 2 0 ) , B E T A 0 ( 2 0 ) , 
1ZF.S2(15), ZS2CJS), ZER(J5,?), ZRC15,2> ,ZEC2), lC2> 
OCOt-11"10N GAt-1, RRATE 7 RRPM, PROS, TR, UO, Bf:TAI, ALPHAI, PROR, TS, 
1 T , P , V M , A S , 0 f'v1 I , 0 M 0 , A L P H A 0 , A R , B E T A 0 , I F L A G , Z E S 2 , Z S 2 ., 
2ZER, ZR, R, L, ZE, Z , OTA, PR ,ETAT, PC, PROE, VRATIO,ICR,IBR, 
.1DAV , ElAO, /\0 

!FLAG = 0 
E N = G A M I ( l • + Z E ( L ) * ( G A t-1 - 1 • ) ) 
EXPJ = 2./EN 
EXP2 = CEN+1.) /~N 
EXPS = EN/CEN-1.) 
PRC = CCEN + 1.) /2.)** EXP5 
D U N tv1 = I • I { P R C >H- E X P 1 ) 
DUGM = J./CPRC**f:XP2) 
OTM = SQRTF C2.oGAM/CGAM-1.)o(OUNM-DUGM)) 
IF COTA-OTM)60,6J,61 

6 0 A = 1 • - ~ • * { G A f'-1 - 1 • ) I G A M * 1 • I { E N- 1 • ) * 0 T A * * 2 • 
IFCA) 52,53,~1 

51 A= SQRTF(A) 
GO TO 53 

52 A = 0. 
53 PRA = 1./{ 1. - t:N/3 .. * { 1. -A)) 

IF (PRA- PRC) 62,63,63 
63 PRA = PRA - .05 
62 DUN= J./CPRA ** EXPl) 

DUG = 1./CPRA ** EXP2) 
OT = SQRTF C2.*GAM /(GAM- la) * COUN- DUG)) 
IF (OT- OTA)64,65,68 

65 PR = PRA 
RETURN 

64 DO 66 I = 1,500 
PRA = PRA + .0001 
DUN= 1. I CPRA ** EXP1) 
DUG = 1. I (PRA ** ~XP2) 
OT = SQRTF (2. ~GAM/CGAM-1.) •COUN-DUG)) 
IF COT-OTA)66,65,67 

66 CONTINUE 
67 PR = PRA 

RI:TURN 
68 DO 69 I = 1,500 

PRA = PRA- .0001 
OUN = 1. /CPRA••EXP 1) 
DUG = 1./(PRA ** EXP2} 
OT = SQRTF {2. *GAM I CGAM-1.) * CDUN- DUG)} 
IF COT-OTA) 70,65,69 

69 CONTINUE 
70 PR = PRA 

RETURN 
61 IFL.l\G = 1 

t-NO 
END 
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~. 

SUB:-lOU'I' ll'l~~ R.~·'T'IO 

r Stnrt I 

Calculate EN j 

t 
Calculate PRC j 

+ 
I 

Calculate an:! I 
t 

·---..:...'--c::::;~:-Yes~. 
I 

No 

No 

t 
C3lculate OT 

hy .0001 \
Decrease PRAr-

1 
....... <""""Yes--.:::: 

i 
Set 

Yes 

No 

Equal 
I 

PP=:: P?.A 

.. No 

Yes 

t 



(l) n ::: r 
~tr- 1.) 7 1. 

(2) (P/p)critical = En I le J/~ n/!_n - l.) 

(3) j max = )( 2 -J" 
·{['- l. 

f (L )2/n _ ( 1. \ \n I l. )/n] 
L'P/p crit. ?/p)crit. 

:;r Y ? " -l 2/n 
(5) .;r. Approx. = / : 1 (~) -

''J - l. \P/p Approxe 

e· )(n /l. )/nl 
t)p !Approx. J 
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APPENDIX IV 

Sample Calculations 
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SAr .. ·!PLE PEH~OR':.tl.NCi Cr.LCULA'l'lUNS U!:>lNG VALL'ES 

OF THE OPE::t.: .. T1!7G r-AR.t.I-:1:/l't:RS WnlCH GIVE 'l'n~ 

HAXIHU1.1 l!:FF lClilliCY r'OR TH2; DESlGN rtSl".:.!Rill SP1~ED 

R = 55.16 ft/ 0 R ; 

~=1.36; 

T0 = 1200 OF = 1660 °R 

N0 = 18,000 r_I:m 

Vlf"T; = 3.9 .!!?,rn (OR Rotor Tip Clearances == .. 005 
Po sec psia 

N = 441.8 !J2ffi 
(T~ )OR 

ffil = 1"- 1 1.)6 - l. ::: ;:;: 

1" l.3b 

m2 ::: -r = 1.36 ;:;: 

-;r- l 1.36 - l. 

Cl ::: j/"g_ _ l/ 55ol6 =: 1.30936 
I gc- J 32.174 

.26471 

3.77778 

C2 = r21'.£S:B. ·==- ·y 2 X 1.36 X 32 .. 174 X 55.16 ::: 115.80 
1'- l l. 36 - l. 

1 X 104 .;:: 
2-,tgR/(-r- 1). 

l. X j_cJ+ - • 74577 
2 X 32.174 X 55.16 X 1.36(1.36 - 1)-

1T = .0043633 
720 

Cross-sectional Area of Diffusor - ~2.3 sq. in. 

Average mean Diameter of Blades - 13.0 in. 

* fe ::: .0765 . )N = .2475 
.) 

IN - w no JRZ8 11To~To = 
- Po Ael Po Po 

Po = l. 22002 
Pl 

....E.l - l. :::: .8196b 
P0 - 1.22002 

N077.1~ 

loss coefficients for Nozzle • 

3.9 x 1.30936 xiT .51529 
9.91 .L 

¥. lAter correc~ec to .2050 
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!u. = (Eo)rn1= (1.22002)·"2b471 = 1.0~:11~05 
T1l.s Pl 

4.lisl! = :k [( YTY 0 )- lJ-= 1. 0?40) - 1. :=; 

T0 T0 [ '1'0 rrus) _l 1.05405 
.05128 

4!N _ b.'tisN (1. - ~N) ::: o0512£5 (1. - .2475) 
To - To 

= . 03859 

11 = 1.- A1,N = 1. - .03£559 = .:16141 
T 

0 To 

v £2 I~Tr\ 115.8 { .03859 = 22.74684 rr--1 = I T
0 

== }To 

!b- == 
.00436?3 N D1 .1043633 X 441.S X 12.8 

fTo 
y;;- -
Y1o 

!l2 == 
.0043633 N D2 = .0043633 X 441.8 X 12.9 

YT~ (T~ 

!u1- ~1 sino(1 :::: 22.74684 x sin 64.8°-20.76725 
(T-o - fr~ 

.Y:n1 _ Y1 coso(1 = 22.74684 x cos 64.8° == 9.68500 
)·
7ro - tf'o 

= 

= 

~u1- Yu1 - _!!J_ ::: 20.76725 - 24.67464 :::: -:-4.09261 
fro -(To YTo 

24.67464 

24.86741 

WJ_ -\I Yml_2 .f ~ 2 
::: \I ( 9 .68500)

2 f ( - 4.09261l ::: 10.51421 
VTo - 1 T0 T0 V 

411u. _ c3 [Yb. 2 .J 1!2 2 
- !!1

2
-.J x lo-4 

To - T0 To T0 

= . 74577 [t10.5U21)
2 1- t24.86741J

2 
- (24.67464)~ == .oos96 

11 .f ll:-£&1 = • 96141 .;. .00896 ::: • 97037 
To To 

lli1 = To 

[
1 t 4!R1flol m2 :::: [1. t .n0396JJ.77778 -= 

T1~J .96141 
ftt1 = P1 

1.03565 

!._q1 ::: (.E.tt1\ (£1) :::: 1.03565 X .81966 := .84888 
Po pl j Po 

f31 =: tan-1 lr ITu1~V~a1 :::: tan -
1 

l--4.09261] :::: -.39981 
Vm1 YT0 9.68500 _. 
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,. r 
'.J ~. 

ROTOR I 

~c =- .07956 r::; Rl = .17729 from loss curves for R.otvr I 

JHl = wfT0 YR/g VTP..l/~ = 
P0 Ao? Prt11P0 

3.9 X 1.30936 X Y.97037 = .53803 
ll.lA .8h~S~ 

f.H1 = 1.24332 
P:;> 

.E2 :: f'1t) /P 0 := • 84888 - • 68275 
p 0 p rti/P2 1. 24332 -

1 .26471 
!::1.1 :::: (E.i.1) m - ~1.24332) 
T2is P2) 

1.05934 

~ !ttl - !2is = !R1 lt!R1/!2i:;r) - .l l 
To To To L Ta11T2is J 

~ .97037 X (1.059)4- 1.) _ .05436 
1.05934 

= ~*is2 (l. - rH1) 
0 

= .0543b(l. - .17729) = .04472 

- • 97037 - .04472 =- • 92565 

w = c2 ~ 115.8 y .04472 = 24.48824 .12 ::: 
fro To 

VI Vl sin/1 2 = 24.48824 sint-64.9°) = -22.17580 
(P~2 ;:: ·~-2 

fro 

v w
2 

cos;3 ::::- 24.4~824 cost-64.9°) 10.38787 
~2 = ·q- 2 

l 0 

V Vf 2 I 1!.2 - -22.17580 t 24.86741 = 2.69161 
(T~2 = )'T~ .,_ fro -
V2 -1 Ym2

2 f Yu2
2 

_ 1(~10.38787) 2 I- t2.69161)
2 = 10.73092 

)'T - T T - f 
0 0 0 

2 -4 2 4 
t1 Te2 = c3 Y2 10 = . 74577 X \10. 73092) X 10- = .00859 
To To 

Is2 == !2 .;. Li!e2 :=. .92565 .;. .00859 - .93424 
To To To 

E2 [l. t T ~]m2 [1· t .0085913.77778 1.03550 = -02 - = P2 'r T - .92565 J 2 0 

p 
(I?.2 )( E2) .68?75 X 1.0J))0 .70699 =-2 = = Po -Po P2 
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o<2 tan-1 rv I T l = I-U2 -O j - tan -111~ 2. 69161] = 
}..0.38787 

. 25:353 = 
l_vm2/ Toj 

STATOR 

~e = .. og698 ·s:= .13980 from loss curves for Strtor. 
.:;. 

ls = w{T~ (RJ:g \11s27~ ::: 3.9 X 1.30936 X 

Po Ae:; P2/Po 

E2 :;;: 1.43770 
P3 

:e.3 ;:: f2/P 1"\ = . 7o699 = .49175 
P0 P27PJ 1.43770 

~2 = (E2)m1 = (1.43?70)"26471 -
l3is P3 

11 .. 54 

1.10087 

f. 93LJ,.?4 :::: .60497 
.70699 

Ll Tis3 ;:::: !s2 l-r£s2ft3~s )....::._:h.] 
To To Ts2/T3is 

= .9'3424l-1.1008'/- 1.]= .08560 
1.10087 

i!T3 = _!is~ (1. - rs) . = .08)60 (1. - .13980) == .07363 
T T _, 

0 0 

!3 = !s2 ~!3 = • 93424 - .07363 = .86060 
To To To 

31.42218 

.0043o33 H 03 = .004jo33 X 441.8 X 1).1 = 25.252'15 
~~-'!" 
I o 

.004J63J N D4 == .0043633 X 441.8 X 1).~ = 25.44572 
(f~ 

v Y..3 sinc<3 = )1.42218 sin o9° == 29.33)1'/ 
r~~3 = 'fi'o 

v 3 v ccso<'::l = 31.4221~ cos b'}
0 

= l1.2c062 
'T = ~ ./ 

I o 
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~3 = .7457'/ [~ll.977.'13J 2 .;. (25.44572)
2

- (25.25295J 2J= .01143 
To 

!:t3 = !3 1- /l!rt~ = .8b060 .;. .01143 = .87203 
To To To~ 

.~'" [~· ~ ?\ ~;~r2 = ["' i :~~~~~ ~.·1'1'178 .. 
EEJ = (ER3\ (.P..3) ::: 1 .. 05110 X .4'-)l'/5 = .51688 
P 0 P3J ? 0 

;3 3 = tan -l lr Tiu~/ ~l = tan-
1 r 4.Cl8222] = .34779 

Vm?/ T~ lll.26062 
== 

ROTOR II 

""S: :: .OL~648 ~{ .16194 from loss curves for Rotor li 

Jrl.2 .= w\T0 VR/;t, \J:.t1fto ::: 3.9 x 1.30936 x V •. (}7203 = .60775 
Po Ae4 PR}7P0 .51688 

t..B.3 :: 1. 39286 
P4 

_PP
40
, :::: .EPRH.33~PP40 = . 51688 == .37109 

1.39286 

.26471 
== ~1.39286; = nll 

~R3 :::: ( Ert3) 
14is P4 

1.09167 

Ll Tis4 = ~H3 lt!R3/£.4j s2 - l.-,1 =: .87203 lrl.09167 - l .. l :::: .07323 
T0 1 0 L TR37 T4is ~ 1.09167 j 

£..!4 = h. Tis4 (1. - fR2) == .07323 (1.- .16194) = .06137 
To To 

.!4 T, AT .87203 - .06137 .81066 - .::.tl.3-~ = = 
To 

- To To 

w c2 fcY14 = 115.8 (7J6137 - 28.68652 
(f~ = 

To 

Ylu4 .:: JJA sin ./3 4 == 28.68652 sin(-65°) = -25.99877 
J'To fTo 

.~ = ]4 cos/34 == 28.68652 cos(-65°) - 12.1235:> 
tTo tTo 

!~ = Y1.4 ...!. £1 = -25.99877 .;. 25.44572 = - •. 55305 
)'To r·ro T fT~ 

Y:4 = }/ Jm4
2

.;. Yu4
2 

= \.' tl2.12355J
2 I t-.55305)

2 
= 1/.13616 

(T0 T0 T0 1 
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~4 14 .;. Ll!e4 .8106b I .01098 .82164 = - r .::: ·-
To To To 

~ :::: [±! t .1 T 2' /:ror2 - r±~ I .Ol~ 3. 77778 
T;JT~ -= r -.B10"66 ---

p4 4 0 L 

~ ::: (~ Y"f4' - • 37109 X l. 05216 
~ 

.39045 
Po Pol p4} -

o(4= tan-l r V' /l'TJ = tan-1 r-. 55305] = -.04559 

L~~ L 12.1235~ 

DIFFUSOR 

liD ::;: • 70 for Axial Exit 

nA.::: hn cosv<4 = .70 X cos 2.6° - .69855 

4Tw- l. -1s4 = l.- .82164 ::::: .17836 
To To 

C - R 1" - 55.lb X 1.36 .2b778 
p - J 1"'- l. - 778.1'/ 1.36 - 1. -

1.0.521G 

- 2.6° 

fiT .::: wff0 Cp l'l T:vJ 1.055 
== 

3.9 X .26778 X .l783b X 1.055 = .19651 
Po To 

VD - w i'T0 R 1J./T ::: 3.9 X 5).lb X .810ob = 5.09145 
fr~ - In P4~ 92.3 Po . 37109 

)'{A 
,- 2 2-

4 T; sD = c') :¥m4 YD ~ X lo-4 
To 

./ 

LTo To J 
- .74577 X .69855 X [(12.12355) 2 - (5.09145) 2] 10-J._ = .00631 

Ee .- [1 • .;. T.i~/ ..lol m2 
== [l. .;.. .00631] 3. 77778 = 1.02971 

P4 T4/ T0 J .81066 

~~ .::: ( ~~) ( ~) .::: 1.02971 X .37109 ~·- .38212 
>+ 

1. 
Pe/Po 

1. = 2.61699 
.38212 

Ll T · '1' - 1. - tP /P ) m1 = 1. - ( .38212) •26471 -- .22482 
-lS - e o 

To 
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u .00436~3 !'J Davg. l. _avg. :;:: 

r~ TisT/To Co c2 ·a 

== .C04~6?3 J. 44l.8 X 13.0 X 1. = .4564 
115.8 .22482 
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APPENDIX V 

Programs and Cornputor Results 

99 



- ·""--
'!'ABLE VIII 

-----· 
hun Ref. RRPM Gamma R Clearance AN ARl As AR2 Remar~s 

, 

1 441.8 1.3b 55.16 .033; .021 9.91 11.18 11.54 15.18 Areas & Clear. 
f 11om Drnvlings 

2 /JJ,l. 8 1.:3o 55.1D .01.) :;.<;1 10.h2 ll.5h 14e8? 

3 441.8 1.3b 55.lb .()10 <J.<)l 10.22 11. ')14 lJ~eb6 

4 441.8 l.3b 55.16 .005 9.lJl 10.01 11.54 14.1+) 

5 240 - 5l~O 1.3D 55.lb .015 <).<)1 10./+2 11.54 lh.87 i: TriATE = .1 

b 240 - 540 l.3b 55.lb .015 9.91 10.42 11.54 1/+. 87 l 'tRA"'E :::: .01 
J.? to Choke 

7 41~1.8 l.)b 55.lb .rno 8.28 <J.)B 11.).) ll-1-. 20 B1ade Rov1 
U-.odi fications 

8 420.<) 1.J44 53-9 .010 10.:;2 10o.l) 11.72 14.65 

<J 420.<-] 1. :~4h )3.<) .01) 10.:;~ 10.j7 11.72 14.88 

10 h20.l) 1.)hh 5J.l) .020 10.32 10. _)!:) ll.?2 15. LO ~~·easured Arens 
for k = .020 

11 407.4 l.3)b 53.:15 .010 10.)2 10.15 11.72 1.4.6.) 

12 407.h l. )jb 53.95 .015 F' • :3?. 10.37 . 11. 72 14. 8f3 

13 407 ·'4 l.33b 53.95 .020 10.32 l0.5P, 11.72 15.10 

11, 533.4 1.398 53. 3/-J. .015 10.32 10.37 ll.T? 14.88 

15 59LI• J 1. 3<JP 53. :~4 .015 10.32 10.37 11.72 14.88 

--··--- ~-= -- -··~co .. - ... .._ __ 
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SMJPLES OF INPUT DATA 

RUN 1 

9 • 9 1 1 I • 54 1 2. 8 1 ) • 1 1 ~. 9 I -~. 2 1 1 • 1 H 1 5. 1 H. 1 6 8 0. 1 5 ~ (). 1 3 7 5 • 1 2 1 0 • 1 0 7 0. 0 9 3 U • 0 8? 0 .0 7 1 0 
• 0 6 2 0 • 0 5 7 5 • 0 5 7 5 • 0 ().~ 0 • 0 7 6 5 • I 0? 0 • I 4 0 0 • 2 0 4 0 • I 9 0 :~ • 1 7 6 ~ • I 6 .1 0 • 1 S 3 2 • I 4 3 tl • I .3 6 ') • I 3 I 0 • 1 ? 6 0 
• 1 2 7 5 • 1 _"S 1 0 • 1 3 9 6. 1 ~ 711 • I P, 11- 0 • ~ 1 90 • 0 9 2 6. 0 8 1 (~ • 0 7 1 0 • 0 6 I') • 0 ') ld1 • 0 4 8 5. 0 4 6 0 • 0 4 6 () • () S i1 0 .. 0 7 2 0 
• 0 9 8 0 • 1 3 3 0 • 1 7 6 0 • 2 1

) 0 0 • ) 1+ 0 0 • 0 H I}'--, • 0 7 7 0 • 0 6 7 0 • 0 ~> 8 'J • (J 'J 1 5 • 0 If 6 5 • 0 4 ~- 0 • 0 I~ 4 0 • 0 5 0 0 • I) 6 2 0 • 0 : ~ 2 0 
• 1 1 3 o • 1 s 9 s • 2 Boo • s •:, o o • ') 'J () o • ~~ 1 so • 3 6 2 o. _) 2 4 o • 2 9 7 o • 2 7 7 o • 2 6 o o • 2 t~ fJ o • '! _3 -r o • 2 51 r' • ? 4 7 o. 2 7 1 IJ 
• 3 1 0 0 • 4 0 0 0 • 54 0 0 • ~~ U C C • 5 U 3 0 • 2 6 4 ~) • ? 4 \.) ~) • 2 2 1 5 • 2 0 6 0 • 1 9 3 0 • 1 d li 0 • I 0 0 0 • 1 n 0 0 • I 8 9 0 • 2 I j 0 .. 2 ~> ll(l 
• 3 (,' r) .. 5 ') 0 0 

1 0 9 B 1 • 2 0 4 2 H- I • 1 .) ? ( 2- 1 • 1 ~ 4 l+ 6 

RUN 5 or 6 

9.9111.51~ 12.8 1~.1 12.9 13 .. 210.4214.87.1680.1520.1375.1210.1070.0930 .. 0820.0710 
e062Q.0575.0575.06.:S0.0765.1020.1400.2Q40.1903.1763.1630.1532e 1438 .. 1365.1310.1268 
• 1 2 7 5. I 3 1 0 o 1 3 9 6. 1 5 7 4 • 1 8 4 0 .. 2 1 90 • 0 9 2 6. 0 8 1 0. 0 7 I 0 • 0 6 1 5 • 0 51, 0 o 0 4 8 5. 0 4 6 0 • 0 4 6 0 • 0 54 0 .. 0 7 2 0 
.0980.1330.1760.2'100.3400.0885.0770.0670.0585.051S.0465.0440.0440.0500e0620.0A20 
• 1130o1595.2800o5S00.4203.3165.28?7.2555.2299.2145.2029.1941.1908.197?.2141.2381 
.2771.3500.5500 .. 3625.L747o?l+26.2213.2022.1902.1792.1709.16A4. 1699.1767.2036 .. 2456 
.3400.5500 

1.13098 1.20428-1.13272-1.13446 

Rill~ '1 
H.2811.55 12.H 1-).1 1?.9 13.? 9.3S14.20.16il0.1S20.1.:::i7S.1210.1070.093(}.0H:!G.0710 
.0620.0575.0Sl~.06)0.0765.10?U.I4UO.~Ul~0.1903.1763.16.:\0 .15.i2.1IJ.:Sd. L~6:i.I.:SIC.I?6B 
• 1 2 7 5 • 1 5 1 o • 1 _;s 9 6 • 1 ') r 1 ~ • 1 f-> 4 o • 2 1 9 o • o 9 2 6 • o n 1 o • r J 7 1 o • o b 1 l, • o 5 1 dJ • o 11 H s • o 1, 6 o . o t, 6 o • o 5 l+ n. 0 7 2 o 
• 0 9 B 0 • 1 .:S 3 0 • 1 7 6 0 • 2 ') 0 0 • ·; 1.1 0 0 • 0 IH\5 • 0 7 I 0 • 0 6 "7 U • 0 t-, g 5 • G '1 11

) • 0 4 f, ~ • 0 ~~ 1.~ 0 • 0 !~ 4 0 • 0 '_) 0 0 • 0 6 2 C- 0 c~ ;~ 0 
• 1 1 3 0 • 1 59 5 • 2 B 0 0 • 1

) '.) 0 0 • ~~ 61~ 0 • ? f3 ~ 1
) • 2 4 d 6 • 2.? 6 0 • 2 0 9!1 • 1 ? 6 0 • I 'i ~> 9 • 1 r H 9 • 1 7 7 2 • 1 d 7 4 • 1 9 I 6 .. 2 2 H 6 

.2676.3300.~5U0.327Ci.?507.2230.2049.1~:>-(6.1761~.1656.1 1>YII.I~80.1616.1/0).1993m25·\3 
• .5200.5000 

1.1309B 1.201~? fl- 1.1-:J?72-1. LSIJI~6 

RUH 10 or 1:;3 

1 0 • j 2 I 1 0 7 2 I 2 D 8 1 ) • 1 1 2 • 9 1 ~ • ) 1 0 • '"J (i 1 s . I 0 • 1 6 (J 0 • 1 s ;;> (\ • 1 _:S 7 5 • I 2 1 0 • 1 0 7 0 • 0 9 3 u • 0 8 2 f) - 0 7 1 (' 
• 0 6 2 0 • 0 5 7 5 .. 0 5 7 5 • 0 6 -~ 0 • 0 7 6 5 • 1 0 2 l) • 1 It C 0 • ? 0 ~~ 0 • 1 9 0 3 • I 1 6 ) • 1 6 _5 0 • 1 ~> .:S 2 • I It 5 8 • I _) A r; • 1 3 1 0.. 1 ? tJ P 
• 1 2 7 5 • 1 3 1 0 • 1 3 9 6 • 1 r:, 7 4 • 1 f-)~ 0 • ? 1 9 0 • 0 9 2 6 • 0 3 I 0 • 0 7 1 0 • 0 6 1 c, • Qf) ;~ 0 • 0 IJ b '-> • () ~~ fJ 0 • 0 I+ b 0 • 0 5 IJ l) .. l) ( 2 0 
• 0 9 8 0 • 1 3 3 0 <0 1 7 6 0 • 2 5 0 0 • 3 ~~ 0 0 • 0 n 8 1) • 07 I 0 • 0 {) 7 () • 0 r, ~F) • 0 s I s • (H~ 6 5 • 0 ~ ~ () • () l+ ,, 0 • 0 50 c • 0 6 2 0.,. 0 '~ ? 0 
• I 1 30. 1 59 S. 2 0 0 0. 5 S 0 0. 4 59 0 • ~ ~ l) 0 • _) 0 0 0. ? 7 I 0. 2 4 9 6. ? .3? S. 2 I ') I • ? 0 P <f •. ? 0 4 0 • /0 il '> • 2? :S S .. ~> 4 6 S 
• 2 H 6 5 • 3 6 0 0 o 6 0 0 0. 3 t; ~ 2 • 2 9 7 7 • 2 6 1 '-, • ;,: 3 f 9. 2 1 1 0 • 2 0 ) 1.~ • I I 1 ~ • ltl I 9 • I ( t\ 0 • 1 7 '-L~ • I 2 7 0 • 2 1 3 S ~ 2 !) 2 5 .. 3500.5000 

1 • 1 3 0 9 H I • 2 0 11 2 R- I • I 3 2 f ;;>- 1 • 1 3 4 I l 6 

101 



PRCGRAN: FOR RUN 1 

•• JOB 1 
P R 0 G R A tv'; T U ;{ fl li\ E 

0 D l t·1 E 1\.J S 1 0 \J A S ( 2 0 ) 7 0 i : I ( 2 (I ) , I) i·~ () ( 2 0 ) , i\ L PH 1\ 0 { ? () l , r\ I< ( 2 () l , R F T II.(; ( 2 0 ) , 
1 Z E: S 2 ( 1 5 ) , l S 2 ( 1 ') ) , L !:- i{ ( I '• , 2 l 7 l ~ ( l S , ~ ) , l E ( '2 ) , I ( L ) 
OCOI''-1i'·10N Gl\>1, t{R.'\fi::, Rr"<.P~':, PRL;S, Ti~, UC', r1t.Tf'~I, 1\LI>Hf,l, PKJ;{, T<;, 
1 T , P , V f•1 , A S , 0""' I , I · !'l 0 , /\ L P riA 0 , A R , I~ t: T ,'\ 0 , I r LA ,; , L L S 2 7 L S J , 
2 l t: R , l R , f~ , l , L F , 1 , 0 T A , D R , t; T t1 f , P C , P R 0 E: , V K. A f I 0 , I C : 1• , ! B I , 

.:> D ~ ~ \ 1
3
- f A D , .\ fl 

G,\:··~- I. 0 
R=55. 16 
E T t\D=. l 0 
/\0=9 2 •. ) 
DAV=13.0 

0 R E !\. D IN i) U T f ;\ P E .3 , I , ( ~', S ( I ) 7 I = 1 , ? ) , ( IJ M I { I l 7 I = I , 2 ) 1 

I ( D M 0 ( I ) , I = 1 , ?. ) , ( t1 k { l ) , I = 1 , 2 ) , ( L t: S 2 ( I ) , I = 1 7 1 5 ) , 
2 ( Z S 2 ( I ) , I = 1 , 1 5 ) , ( ( Z t ~ ( I , L ) , I = I , l ~ ) , L = 1 , 2 ) , ( ( l f< ( I '· L ) , I = 1 , I "> ) , L = 1 , 2 ) 

R E AD I N P U T f /1 P t: .:) , o 5 t: , ( 1\ l PH A 0 ( I ) , I = 1 , 2. } , { t' E T :, 0 ( I } , I = 1 7 2 ) 
1 FOR:vlAT ( 16F5.0) 

654 FORMAT (~F8.0) 
2 o F o R M A T < s H 1 R P. P r-1 I ~> x , ~ h R K 1\ T E , 4 x , 4 H E T A r , 4 x 7 2 H P c , 6 x I 4 H P :\ o t , 0 x , 

16HVRATI0) 
00 400 J= 4418,4418 
A=J 
RRP~~i=AI 10. 
~~ R I T E 0 U T PUT l A I) F: 4 , 2 
00 300 K = 200,~00 
R = K 
RR.ATE = Rl I 00. 
TS= 1. . 
PROR=1. 
ZE( 1) = .205U 
z { 1 ) = • 2 4 7~ 
t\LPHAI = -./417~) 
00 200 L= 1, 2 
CALL STf\lOR 
If(ICR) 18,18,300 

18 IF( IFLAG) 20,;?0t900 
20 CALL ROTOR 

IF( IBR) 19, 1'1,50(. 
19 lf(IFLAG)200,20U,d00 

200 CONT1NUI: 
CALL DIFFU 
WKITI: OUTPUT TAr)F 41-:,1 ?.RP~,RRAT!:,ETAT, PC, PKO!:, V.~AIIO 

3 FOR~1AT (F6.1, F'-1.2, 1-:-:1.3, F/.4, F9.·:J, Fll.4) 
300 CONTINUE · 
900 VjJ<I TE OUTPUf J.\Pf: !J, IO,L 

1 0 F 0 R f·l AT { ..) 1 H F L 0 ,; C H 0 I' E 0 I N S TAT 0 tt Pi\ S S i\i 0 • I 2 ) 
GO TO 40(1 

800 WRITE OUTPUT Tt\Pf 4, 11 ,L 
11 FORMAT (~OH FLO~ CHOKEU IN KQTOR PASS ~0.12) 

4 0 0 C 0 NT Pi U t 
i::.ND FILt_ 4 
l:;\JO 
F U N C f I 0 N E X P 3 ( , r .. •\1 ) 
EXP.) = (GAM -I. l I t;,./, 
RLTURN 
Ef~O 
F UN C T I 0 N E X I) 4 ( · . /\ '.t. ) 
EXP4 = GAr1, I (G·c,~-1.) 
Rf:TUKf\J 
END 
FUN C T I 0 ~J C 1 [}~ ) 
Cl = SORTF (R I 3?. 174) 
RlTURN 
END 
FUNCfiON C2 {R,•,AM) 
C 2 = S Q R T F { 6 4 • ~> !+ 8 * R * G /\ 1"1 I ( G A M - 1 • ) ) 
RfTURN 
END 
F UN C T I 0 N C 3 ( R , · . /'.. :\1 ) 
C.1 = 1. I (64.34i1 * * vll.r-" I(GJ\f''.-1.)) * l.F4 
P.t.:TURN 
END 

102 



SUB R 0 U T 1 N E S T r, T 1: I~ 
0 D I t\1 f N S I 0 N 1\ S ( ? 0 ) , f) i I ( 2 0 ) , I ' 1~1 0 ( ? C ) , t.\ L P ti f, 0 ( ? () ) 1 ;\ R ( 2 L l , 2 t T I\ r) ( ? J l 7 

l L l; S 2 ( l ') ) 1 Z ~ 2 ( l ·_) l , ( l:- I\ ( 1 ', , 2 l 1 Z i~ ( 1 S 1 2 ) , 7 t { 2 l 1 I ( /. ) 
OCOMi"~ON f>f\Yt, RRAfE 7 R"Pi-1, PK.OS, TR, UO; -f,fTAI, 1\LF)hf~I, Pl--:\.R7 TS, 
1 T , P , v f\l, t1. s , o ;·/ I , r: r-·~ n , .'\ L PH A o, A K. 7 L.t- 1 1\ c , r F L 1\ t; , L r s? , 1 <; 2 1 

2l t R , 1 R. , i\ , L , 7 r , 7__ , 0 T A , I' R , E T .6. T , PC , P R 0 1_: , VI< I\ T I 0 , I C I{ , [ P,. ·_ , 
SD/\V 7 ET/\1) 7 t\l' 

ICR = C 
OfA =RRI\TF: I !>fH'i<. * C.1(•<.) I t\<;(L_) * SIJRTF (TS) 
~ i1 : ~ } • '2 2 1 7 3 - A L ~, H t\ 1 l I • I ( 4 S _) + l • 

BB = JB 
D I F F = 0 l - f~ P 
Z E ( 2 ) = ( Z E S 2 ( J : · + I ) - 7 ~~ S ;) ( J b l l * 0 I F t- + 7 :·- 5 2 ( J f~ l 
l(2l = (/.S2(Jf _ -t I)- LSl(J~)) * OIFF + LS2(J0) 
CALL RAT IG 
I F ( r F L ,\ L > 3 o , :i c. I ) 1 

30 P = PROK. I ~~ 
TIS= PR ** fXP)(GA~l 
OTIS= (TIS- l.l I TIS 
DTISO = DTIS * TS 
U T 0 = ·o T I S 0 * ( l • - 7 ( L ) l 
T = T s - rno 
V = C 2 ( R , G t\ i"l l .:- S Q I{ T f-= ( 1: T 0 ) 
U I = • 0 0 4 3 6 3 ~ * t<. R P i• * 0 t\ 1 ( L ) 
U 0 = • 0 0 4 ) 6 :S .:S * R R P i', * f) M 0 ( L ) 
VU = V * SINF(ALPHAO(Ll) . 
VM = V * COSF(f\LP Hl\O(L)) 
hU = VU - UI 
W = SQRfF (V~ * V~ t ~U *hUl 
0 T R = C 5 ( R , G A 1·1 ) i:· ( {.J * ·,: + U) --~:- U 0- U I * t J I ) * l • E- 4 
TR = T + DTi~ 
PRSO = ( 1. + CTi<. I Tl ** tXPt+(G t\M) 
P I~. 0 S = P R S 0 * P 
8 E T A I = A T A \1 f-- ( ,, U I ·v r'' ) 
IF ( 1.22173 -ABSF(8t=T/'\Il )3217~1,.31 

321 ICR-= l 
3 I Rt TU1U'J 

END 
SUBROUTINE ROTO~ 

0 D I M E N S I () N /\ ·-:; ( 2 0 ) 1 f) ~,~ i ( ;? :J ) 1 U ~·~ 0 ( 2 0 ) , .fl. L P H A 0 ( 2 U ) , ,\ ,{ ( ? U ) , b E T f1 ~ o'( .! 0 l , 
1l E s 2 ( l 5 ) ' z s 2 ( l I) ) ' l r- ~ ( l s ' 2 ) 7 z j{ ( l 5 , ?. ) , z !: ( / l ' L ( 2 l 
0 C 0 t-1 M 0 N G A iVl , ~{ R A l L , I{ R. P \tj, ? R 0 S , T R 1 U 0 1 o t: T 1\ I , A L PH f\ i , P K. 0 R. , T 5 , 
l T , P , V i'-l, AS , 0 ,., I , G rv. 0 , ALP lr t~ (), f, R , P. E T ~~ 0, I F l l\ G , Z 1: S?. , L S 2 , 
2 Z i R , Z R , R , L , L E , 1 , (} r A , P R. , t T t, _T , P C , P R 0 t: , V R 1', T I 0 7 [ C 1' , I ~ -~ , 
.10/\V , Eft\0, /\0 

IBR = 0 
OTA = RRATE I P~OS * Cl(~} I AR( L) * SQ~TF (lR) 
B1 = ( 1.22173- ~I:TAI) I .17453 +I. 
JB = B1 
BB = JB 
DIFF = p.J - RR 
ll: ( L ) = ( 1 F ~' ( ( j P, + I ) 7 L l - 1 E R ( J R I L ) ) * 0 I F F + l c I~ ( j B , L ) 
l ( L ) = ( Z iU ( J G + l ) , L) - Z R ( J R , L l ) * 0 1 F F + l R ( J t) 7 L ) 
CALL RATIO 
I F ( I F LAC ) 11 0, '' () , 4 I 

40 P = PROS I ~R 
T I S = P R * >:- t: X P ·i ( G !\ :... l 
OTIS= (TIS- 1.) I TIS 
UTISO = UTIS * fR 
DTO = OTISO * ( l. - /(L) l 
T = TR - DTO 
vl = C ? ( R , G A f·lj ) -~: S :~ R T F ( U f J l 
v·i U = \0: * S I I'J F ( r f.- T A Cl ( L l ) 
Vf-.1 = w * COSF ( ,·,I:TJ\C(Lll 
vu = wu + uo 
V = SQI<TF (V~t: * y .v + VU * VUl 
0 T S = C 3 L R , G MJ\ ) * V * V * 1 • E- 4 
TS = T + OTS 
PRRO = ( l. + OTS ITl -IH f.:XPti(GAr.) 
PROi{ = PRRO * P 
A L P H A I = A T t\ ~-~ F ( 'v U I V ,v ) 
I F ( 1 • 2 2 1 7 3 - A U SF ( A l P H fi. I l ) .:S 2 2 , l ~ 1 , 4 1 

322 I BR = l 
41 RETURN 

END 
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SUU~OlJTI\l: f)ff-F'-
0 0 ! MENS I 0 l'i AS ( 2 0 l , 0 ·"! I ( 2 J l , lJ 1·. C) ( ? 0 ) , 1\ L P riA 0 [ ? I J ) , 1\ !{ ( 2 J ) , l~ t T t, U ( 2 \J l , 
1ZES2(15), lS/(lrd, Lr-R(J'),2), ZR(1S 7 ?) ,Zt:(?l, !.:(/) 
OCOt'-i~·WN G-'.1·'•! , :H<./\lE, r'.'~p,1, f·ROS, T!\, vr: 1 dtTA I, J\ LPH ·~d, PI~GR, TS, 
1 T , P , V ~~ , A(, : 0 ''· i , l"l1' .. () , t1 L Phi\ 0, 1~ :....: , t-1 F T 1\ (, , I !- L l\ C, l t: S 2 , 7 S / , 
2 Z l: R , Z R , ~ , L , 1 [ , l , 0 l 1\ , P R , t f /\ T , 11 C , fJ R 0 1- , V r: A T I U , I C k , f !1 . ~ , 
"3 o 1\ v , f r A n , -~ L 

E T A fJ A = E TAl J * ..: 0 SF l I\ U' H -~ I l * i:·? • 
!-) r ~I = 1 t - T S 
CP = k I 7fd.lf * i:):,,·., I (fJI\i·- t., 
PC = R R A T t.: * C P -r.· 0 r :·1 .;:. l • 0 ~ 5 
VO = RR./\Tt -!!· k I /\U ::·rIP 
DTO = C:'l(R,G Ar') ..:- f::l/\0!; * (V~-; * Vr•;- VfJ i:· Vr.) *l.f-4 
PRE= ( 1. + DTU I Tl *~· I:.XP4(Gf\"':) 
P R E 0 = P fz E * P 
PROE = 1. I PkE .. 
0 T T = 1 • - P k t 0 * -~:- F X P 3 ( (;I\ M ) 
ETAT = DTW I £TI 
VRATIO = .00456·i:) I CL({,GA.•o) * RRPJY:i:·OI\1/ I SrJRTJ-= <rjfT) 
RETURN 
l:Nf) 
S lJ B R 0 U T I i\J t: !~ !1 I I :·; 

OOIMENSION /\S(20l, 0"'il(20l, U·!0(20) , ALPliJ\Q(.?ul,/11~(/.C), GE TI\ Ci(.2,J J 1 

1 Z E S? ( 1 5 ) , Z S / ( I 5 l , l HU 1 5, 2 l , Z R ( 1 5,? ) , 7 f ( L ) , !. (? l 
OCOMt-WN c;AP..i, Rf~Aff, Ri-~fJi'-', ~KOS, Tl?., UO, 8i::TAI, Alt>H~\f, Pf.:OR, T<;, 
I r , P , V M, AS , lJ 1'-; 1 , n t'-l 0, f, L PH t\ 0, 1\ R , ti t: T :\0 , I F L t1. G 7 Z I~ S / , l S 2 , 
2 l E R , Z R , R , L , l t: , L , 0 T .A , P R , t. T t~ T , P C , P R 0 1- , V I{ A T I 0 , I C t{ , I H ~ , 
5uAV , ETAD, l\D 

l Fli~G = () 
E N = G A 1'1 I ( 1 • t- 1 E ( L ) * ( G A ill\ - 1 • ) ) 
t:XPI = 2.1E~ 
EXP2 = ( Ei'-~+ 1.) IE ·\~ 
EXP~ = E\I(LN-1.) 
PRC = ((t:N + l.l 12.)•-~:· t:XP~> 
D~NM = 1. I ( PRC**fXP1 l 
DUG~1 = 1.1(PRC•~·l:XP?) 
0 T tv' -= S Q R T F ( / • * \; A i·1 I ( G 1\ "1 - l • ) * ( l) U i\1 i'-1- 1J L' G M ) ) 
IF (0T/\-OT~l60, ~1,61 

6 0 A = 1 • - 3. * ( G A\ - 1 • ) I..; A ,v * 1 • I ( EN- 1 • ) * 0 T -~ ~ * l • 
IF(I.d 52,53,51 

5 1 A = SC·R T F ( A) 
GO TO 5.) 

52 J.\ = o. 
5.3 PRA = 1.1( l. - Er~l3. * ( 1. - A)) 

IF (P R/\ - P~Cl Al ,6~ 1 63 
63 PRA = PRA - .(~ 
6 2 DUN= 1.1(PRI\ ** EXP1l 

DUG= l.I(P~A ** EXP;J 
0 T = S Q R T F ( I • * .. f\ f'-1 I < G t\ "1 - l • l * < 0 U \ - C U G l l 
IF (QT - OfA)64,65,62 

65 PR = PR/\ 
RETURN 

64 DO 66 I = 1, SOO 
PR/\ = PRA + . OOu1 
DUN= 1. I (PR.A ** FXP1) 
fJUG = 1. I ( Pt<./\ ** EIP2J 
OT = SQRT F (1\bSt-= (2. * :;Ai'/, I (Gf\M- 1.) ..:- ( QL;i'-1 - ClJ(,))) 
IF (0T-0Tf'.,)66,6 '1,67 

6 6 C 0 N T It'l U 1: 
67 PR = PRA 

:<E::TU;{N 
68 00 69 I = 1,~ 00 

PRA = PK.I\ - .GO\: I 
DUN = 1 • I ( P K/\ * .:- c X 1-' 1 ) 
DUG= 1.1(PK A ** t:XP2l 
Of= SQ RTF ( ARSt- (2. * :;A.!\1 I (GA1'vl- 1.) * (f)U\J . - OUGlll 
IF (QT-OTA) fG,GS,6Y 

6 9 C 0 N T Il'~ U t 
70 PR = PRA 

RfTURN 
61 IFLI\G = 1 

END 
END 

104 



RRPH 
44 1. d 
441.8 
l:t h 1 • t> 
4 4 1 • i:~ 
441.8 
44 1. '5 
44l.d 
441.d 
441.8 
441. v 
44 1. e 
44 1. e 
441.8 
44 I. tl 
44 1. 8 
441 .. d 
44 1. e 
441. H 
411 1 • Ei 
4l.!1.o 
44 1. e 
44 1. 8 
4 4 1 .. (j 
441. u 
441.o 
4 4 1 • (~ 
441.6 
441. d 
441.8 
441. H 
441 .. h 
441. t3 
441.8 
441 .. K 
44 1 .. 8 
441. d 
441. d 
44 I. o 
44 1 .. b 
441. t~ 
441.8 
441 .. B 
4l.j. 1 .. 1) 

441. e 
441.8 
441. B 
441.8 
441.() 
44 1. e 
4 4 1 • t~ 
441.0 
44 1. t~ 
44 1. d 
44 1. d 
44 l • (5 

441. B 
44l.ij 
441. e 
441.8 
441.8 
44 1. 8 
44 1. g 
441. H 
441 .. 8 
44 1. 8 
441.8 

RRATF: 
2~9-r 
?. Yt1 
2-..99 
:~.Llv 
3. 0 1 
.).()2 
:l. Cd 
3. l) l.t 
3.G5 
.5.06 
3.07 
-~ • () t\ 
--s.G9 
3. 1 u 
:l • I 1 
.L 1? 
3. I 3 
.) • l!~ 
3. 15 
.3. 16 
:; • 1 7 
.:) • 1 H 
~~. 19 
3.20 
3.21 
3.22 
5. 2 .. ~ 
3.24 
3.~5 
3.26 
3.27 
3 /~ 
';( . • ~9'-' 
' • L 

3 •. 10 
3. s 1 
3. 32 
.:S.:l3 
3 • . )4 
-~ . .)') 
_:s._-)6 
-~. -~ 7 
.) • .)2' 
3.59 
3. i1G 
3.41 
3.4 2 
3 .J.l j 
3.44 
3.45 
3 .1 .. 6 
3.47 
3.4d 
3. Lj.'-J 
3.50 
3. 51 
.).52 
3.j.) 
3.54 
. ) • 55 
_:.;.56 
3.5/ 
3.5H 
3.59 
-~. 60 
3. 6 1 
3.62 

· RESULTS OF RUN l 

E T !\ T 
• 3 ') (, . ) (.) / 
• 3 (I+ 
• il ' •.J 

• -s I 0 
• l.t / 
• l+ 1 ( 
• 4 · c> 
e }_t I d 
• 4j-: ~ 
• 4'l 2 
• l+ L 7 
• v. 1 7 
• 4 ,(_; 
• 4 I j 
• s; 4 
• 5 12 
.S?U 
.5/() 
. s ~~ 
• 5 • / 
.. ~;_, t: 
• s·.~ 
.')62 
.Sbd 
• ') / 1-j 

• 5 ·! 1 
• Sri{ 
• 5 12 
• s I 0 
.. oc:11 
.6vl 
• 6 15 
• 6 ~/ 0 
.6)':; 
• 6 .:W 
• b.; 5 
• {) _) c; 
• 6J4 4 
• 611 '; 
• 6 ') -~ 
• b"~ d 
• 6 (J2 
• 6 .:) 7 
• of I 
.6"15 
• 6 7 ·i 
.6 I. 
• o,' o 
.6/0 
• 6 '/.:) 
• 6 .. ( 
.7 l; 
• ·r ~;:... 
.. 7t! 7 
. lll. 
• 7 I :., 
• f I f> 
.719 
• ! ~~ 
• 7 's 
• l ;; 7 
• 1 l u 
• -, 3 3 
• 7 .. , '::> 

.7:3 

P:: 
.,J1QI) 
• (j L 0 7 
• Pll ~. 
.IJ".(~/ . \} / ~~ () 
• 02S 1 
• 0? c12 
• t~ 2 71.+ 
• I_;~ PS 
• u ;2 't'7 
~ ( ~ ()<) 

.lr)?J 
• Cd ~4 
• G ~ 4-fJ 
.0)'--,) 
• ;_ 1 r:z 
• z_,_~dS 
• u 3 9') 
• U4 I 1 
• ~-' 4 2 -s 
• U4 -57 
• (jl! '10 
• () 4 64 
• Qli 77 
• ;_; (j 'i J . ;) ,_) ()') 

•. jS?.O 
. us 54 
• u 5lly 
.0~)63 
• US?:-3 
• c 5 '14 
• ,_,60'-i 
• ~ (:,21+ 
• C 6 t~O 
• ·_, 6S6 
• ,i6 72 
• L:f> i)-) 
• rJ 7 ()·-) 
• '· 7 22 
• \,7 -)Q 
• Cl /jo 
• C7 74 
• or.; 1 
• f1 t~ C'J'I 
• c ;-J) ·~ 
• c; ,_, '4-6 
.L86'"1 
• ~: 8dlt 
.f,,;Q3 
.0923 
• (Old 
• ;·. ,, 611 
• \..• 'I ;Jr> 

1006 
• 1 0 2/ 
• ] ()II 'I 
• 10 l2 
• I tYh 
• I 1 1 H 
• I 11+2 
• l 166 
• l 191 
• 12 16 

1242 
• 126~ 
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VI<.~~ T I 0 
.L:'dr 
• I' -\() -1 

.. c·?l1 1 
• t 1 t ') 
• <:< 1 1 n 
• r) () 4 ') 
• 7 9 dr! 
. 1 'I? 'f 
• 7 do"; 
• ?I-? 1 0 
• 7 7'-,2 
./69h 
• 7 () lj (: 

• "f 5.-·'> 
( ~) ") 2 

• (lj /Q 
(t: '2.7 

• ( 3 ( 4 
• 7-'} 1 -~ 

f260 
.7/J:? 
.-(11,() 
./1()'-/ 
• 10S >{ 

• 7 () (/:.·~ 
.()'{';Q 

• t, 9 1 r; 
• (; Ho 1 
• 6 i-1, J :-; 
.(;7o7 
• (, ( 2 1 
• 6o rs 
.-')6.50 
.h~)()4 
• 6 I) ):~ 
• vi• v) 
.645() 
.01~(16 
• 6 .)A 4 
.{.;_)/? 
.o2l9 
.tJ2:57 
• 6 1) { 
.6IC)6 
• 6 J j ') 
.60'fll 
.cC3:. 
• ~ Y'JII. 
.59')1~ 
• ':J I I 1! 
• J i< 7 ~ 
.',)~"')) 

.S7J7., 
• '.J l') ) 
. '..: l I :~ . ~) (-,( ) 
• ~ 6 )I~ 
. s ') '/ t • 
o :) 5 L) 4 
• j S I '1 

• ~ ~~ 7 6 
•• -)h :S7 
.')~-)7 
.')_)')7 
• ') 3 1 .. ~ 
.'1278 



RZS~LT~ OF HUH 1 (cont.) 
44l .. d ..s .. A:5 ./•;! .1297 
441.8 3 .. 64 ./,,j .132l+ 
441.8 3.fJ~ .7.':.) .1:)53 
4 4 1 • d 3 0 6 6 • (I+ i I • 1 ; ~: .1 
4 4 l • d 3. 6 7 • 7 'd) • l )i ]l..j. 

441.{-{ 3.6H .(.·2 .1!.~!~6 
4 4 j .. o _) .. 6 9 • l 1

) l; • I 4 () 1 
L. 11 • n ~ , r. o $ l( j ;, , l :; 1 '' 
4 1+ 1 • d 3 • ( l • ') () • I ') 1..1 "J 
4 4 l • ~~ 5 • r 2 • I ·) 'l • 1 S ';J, r 
4 4 1 • ~ 3 • 7 .5 • 7 <) 1 • I 6 2 S 
4 4 1. 8 _i • l4 • r c 2 • 1 6 6o 
4 l.j. l . 8 3 • l s . { (1 lj Q l 7 0;) 
4 4 1 0 8 3 • l 6 • 7 ~) ~} l 7 l) 3 
4 4 1 .. a 3 • 7 r • 7 (J s • 1 a o 1 
441.0 3.78 ./h6 .I·~S2 
441.8 3.79 (66 190~ 
441.8 3.d0 .·U>!J .l'-16-J 
4 L; ' .. ~ :~ • 8 1 • 1 () 4 • 2 0 .):~ 
44i.cl 3.82 .7~1 .?121 
441.H 3.8.) .( '>II .?21~) 
t- L m~ C H 0 K ED r N R 0 T 0 R f.> A S ~ ~·: 0. ? 
TH·IE1 1 MII\JUTES :\~.0 5 :::t.CtH.f.'S 
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2.0~-1 
~. 0 s .) 
;1 .078 
/.I OS 
2. l..; s 
2. • 11) 6 
? • l 9 'I 
') • ~ ~lit 
2.?!() 
2.310 
2.352 
2. L~ 0 0 
2.4SO 
?.505 
/.568 
2. 6.-; 8 
'2.719 
2. >:"\ l li 
/.9:;1 
:). Of9 
_).362 

• '>) 3 7 
. s 1 ·r~ 
.'>ls.~~ 
• '> 1 1 ( . ~ () ( ~~ 
.~0)/ 
• l; ' ) .:~ ~ ~ 
• ,, j 'i ,, 

• q 900 
.48')11 
• l; d 01~ 
• 4 (')9 
.~70() 

• l~ 6 5 q 
• i; 6 (lh 
.454~ 
• 41! r\ ( 
.4422 
• l; 311 d 
• I.J ? I> (l 
• 4 1 2 '~ 



RESULTS OF' RUj 2 

kRPr'i RR/\TE t: r t\ T iJ'-
'~ 

p;d;F.: V .~ :\ T I I) 
441. d ?.d.:S • 2 ) () • u 1 41~ 1. 2 (. ) • L (I)() 

44 1 0 d 2. t\l..; . ~ •,, () .i, 1')') 1. 215 • t~ 6 I A 
4 4 1 • ~3 ?. • I') 5 • .) '~ 1 • i1 1 A) 1. 2 ( (i • ! \ (;. ) .~ 
t, lf 1 .. ~{ 2dl? ~ _) ;j ll "lJ l (') 1;j2f:~ ·. r: 1 l • '· .> 'I 441. d l.d • _Jij(J • l: r_S I .. 2,. , • c ) 
441. d ;; ... '' .• 0('· • y_ 7 • 0 1 9l l.? 't? • Ht+ S? 
441 .. 8 2.d9 •. 3(;'-1 . L?01 1 • 2 -1 7 • (I j 8 r> 

41~ 1. d 2.90 • s.·o • 1,;? 11 1 • 3 (! _) • (, -~ ·' 1 
4Lt \ G ;~ 2. ) 1 • ~ I 1 . L2? 1 1. 3i; 'i • ( ~· 2 s s 
441. u 2. <r.? 4 ''J 

• ' L 
. ? 31 1. 3 1 4 • (:, 1 9 1 

44 1. d 2.'73 • 4 12 • c? l~? 1. 32 0 • h l?-
41t 1. d 2.94 .4 )2 . t.?L;? 1.3/h .< ·06r; 
4 4 1 • t-~ 2.l)') • ~~ :_~ l:: . ( 2(;) 1.) _-)? • t: 0 Qf, 
441.8 2.Y6 • Jt '• I . i.27L~ 1. :S ~e • 'f91t 3 
441.8 ?.97 .4 ~ 1 .1..12 ~~') 1 • .:) 4 '; • / i:3 ~? 
44 l. 8 2.9H • 4t•O • 02 '.}() 1 • _) s 1 w7 P.)1 
4 4 1 • ,; 2. ··/9 • 4 ',9 • ( ") 0 :~ 1. 3S d .77 6? 
1.~41.cl 3.00 • !t 7 7 • c. :' 1 -} 1. -~64 • l7c:u 
44 1. ;j .3. G 1 • 4. 6 • L .1) 1 1. -~ 11 • { () ,, 9 
44 1. 8 3.0? • ,, ; 4 . C-'i42 L 3'77 · .(')9') 
441. d :">.u.:S . s :_. 2 • ;: 5S4 l. ~<:4 ( ':>'4 0 
441.~ 3.0L: .SlC . Ld66 1 • 3 :; ' • 7 1+ ()I) 

441.0 3.05 . s 1 p. • u 3 7>1 1 • . 3-!l • -! l.; 3 ~ 
441. d 3 .06 .. ') ~~) • \i 390 1. 4 Gl• • 7 ·in 1 
411 l • cl 3.u7 . s '>:', • (,4;)) 1 • u. 1 1 • 7 :).:S:~ 
44 l. 0 3. 0 (·~ • ');, c. . (;415 I. 4 1 o • l?t)? 
441 .. 8 -~ . 09 • 'J II 7 . (llj-2"~ I .. 4? ') • I? 32 
41+ l. 6 :S. 10 • 5 ) lj • L· ~ ~~ I 1 • 4-) .:', • 7 1 .:< ) 

44 l. ::i 3. 11 .'1 61 • (•4 5~.< 1 • 4 L. 1 • ( 1 :)() 
441. b 3 . 12 .son • Lj4 6H 1 • l+ 4 1

/ • 7(i7~''/ 
441.8 3. i 3 .57 4 . 0~1-12 I • 4 1

) f • 702:·· 
4~ 1. 8 '7 14 • 5 ;; 1 • 0 '+ 't 1

:) 1. ,. 0 s • (J; r P .J .. 

441 .o 7. 1 ~ .':) .~( • (J ') 1 ~) 1. 4 ( 4 . b'l'/<1 -.J• 

144 1 .b .:5. 16 • 5 I.) • l-524 1. 4 ~ 2 .6 i:W1 
1+1~l.d 3. 17 • 5 :)•} . (15.~~ 1 • ~~ ') 1 • h.~~.:) 4 
44 1. d 3. i H • 6' •') . Uc>c;2 1. ~~- q 9 • r7;.n 
441. a 3. 19 • 6 1 1 • (.56 ( 1 . L)()il • 6 7 1-l 1 
441.(} .:) .20 .61 6 • t_i s tJ2 1. s 1 7 • () (J y 5 
44 l .(~ 3.?1 .6?2 . (;':>'~3 1. 5 /6 • c.f->r,(l 
441.8 3 .?2 .. 6/d • L·6 1 ~ 1. 5 ~6 .660'> 
441.8 ) .2.:S • 6 :'; .) • i.; 1)29 1 • 5 ~~ ') . 6561 
1+ 4 1 • d 3. 21~ • 6 ·.8 • (: 0 l~ ll 1. 5:-, ~ • 6 :) ]/) 
44 1. 3 3 .2 5 • 6'1 j . Co61 1 .. 56':> .. (.It ( ;> 
~~ l, 1 • 8 3 .26 6 '>< • , J • ·J {J 7f1 1. 5 ( ~ • (,i. -)() 
441. a 3.2( • 6 L) 3 • i~ A,)) 1. St; 5 .6:)0() 
441. e .3./d • 6 ) 8 . ·.~71G I • 5 i G • c~ ~ 1+) 
44 1. s 3 .29 • 6c·2 • \; 7? ( 1.6('/ • {; 2 99 
441.8 .:5 • .)0 .()~7 • (, /14 11 l.b1P. .6 )'1( 
41• 1 • t5 .:5 • .:S 1 • 6 ( 1 • (; l6 1 1 • h )(j • ()? 1 c, 
441.8 3.)2 • 6 7 6 • \i (Jfl 1 • 6 )~ 1 • 6 17-; 
44 1 . 8 3 •. :d • 6 'HJ • C• f 97 1.6 '1) • {> 1 :S ) 
44 1.d 3 • .:54 • 6 ,, ') . u~~l'1 1 • 6 0 c) • 6 0 i2 
441. () 3 • .:S5 .o :'l • lJ ;-! ~ -) 1. 6 7 ( . 60')) 
441.8 3 •. )6 • 6 '/:) • i:(~52 1.6e·9 • 6 (11? 
4l~ 1. g 3.37 .6--17 • OrU 1 1.7('? .. ~,·17) 
441. e 3 .. Sb .7t; (j • Cf:-90 l. 7 1'; .~)')3) 
4li 1 • /") 3 .3'1 • 7 4 • (, Y CN 1.7/8 • 

1
.) ~~ 9 4 

441.<1 3 .40 • 7 <3 • \·li21 l.7U.!. .:/ ()')1~ 
441. 8 3.41 • 7 1 . (;')4..; 1. 7..:,6 • 

1
) M 1 'I 

44 1 .. H 3.4~ • 7 It • (. 't6•1 1 • r r 1 .. ':)1/6 
44 1.8 .:S.4.:S .7 r5 • i)l.J ,IQ 1 • 7 'i' (J .':>7:57 
41~ 1. H .3 .4 ~ • 7 1 1()1() 1 • 8 (I l . j l 0:1 
L~ 4 1 ., f) 3.4') 4 l 1. • 10 32 1.81v • ':> 6 f> I 
-t4l .. d .:S.46 • 7 8 • 1 0').) 1.8">? • '.•62) 
441.b 3.47 • 7 I . 1 u (6 1 . 3,0 • 5 S r) ") 

441.8 3.43 • 7 4 . 1099 1. Ro 7 .'J545 
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RTTSULTS OF RUN 2 (cont.) 

44l.M 3.49 .l -17 .112? 
4 4 1 .. d 3. 50 • l ·~ 0 • I l 1.~6 
4L,.l~tJ :}.')1 .{ ),:) .11(1 
4 4 1 ... ~ 3 . S 2 • 7 '; 5 • I l 95 
4 4 l • d 3 .. 5 3 • 7 I' ~· • I 2 2 I 
4 lj. 1 • 0 3 .. ~) Lj. • 7 ' I 1 • I ?. ,, 7 
441.8 3.55 ./ 14 12fl~ 
4 H 1 ll d ~ o 5 (l • ( ) 6 • 1 ~ 0 1 
4 4 1 o 0 .'i o 'J I o ( I :/ o J .<\ ;j ·~ 
4 4 1 • d 3 • 5 f~ o l (I 1 o 1 ~ 5 '~ 
4 4 1 • d :5 • 5 'l • 7; I 4 • I 5 :1: 1 

441. (1 3.60 .7 .;0 .1111~ 
4 L, 1 • d 3 • 6 I .. { ( I 9 • 1 lj. 4 9 
L,l~.J o(l 3.6~? .7(1 .Jll- d? 
441.b .5.6:S .7t'~ .IS16 
4 4 I • 6 3 • 6 u • 7 l .. , • I ~ 5 Cl 
4 4 1 • ci 3. 6 5 • l f 6 • I 5 ~0 
441.8 3.66 .·rr H .16 ?4 
4 4 1 • d 3. 6 7 • f c: 0 • I 6 61+ 
441.8 3.68 .7 ·· 1 .IIC6 
4 4 1 • ~=~ 3 • 6 9 • 7 , : 2 • 1 r ~> o 
t~ 4 1 • e -~ • 7 o • r t) 3 • 1 7 ) 6 
41~ 1 • H 3 • I 1 • ,' ') 3 • 1 ~~ ~ fJ 
4 4 1 • t'~ 3 • l2 • 7 . i~ • 1 () 99 
4 4 1 • ~s ::s • 1 .:S • ·r 0 5 1 ,; s ? 
44 1.8 3.l4 .7 22 .2021 
L~ l.t 1 • 8 .i • 7 ~ • 7 :-" U • ;• C 76 
441.H 3.76 .776 . 1186 
441.3 3.7-r .7h3 .23.:Sf 
FLO\..J CHOK ErJ U~ Rn fOR P r\ <; <; f'J() . 2 
TIME, 1 MINUT~S ~~G 4 SFCJNOS 
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.')'"j•J~, 

• ~ !. 6 h 
• ~) lj? 7 
.. ~ .~:r.9 
• '.) -'. l) I ) 

• 5 ·; 12 
.~?7? 
. 5?.?,3 
• ~. 1 J It 
• ~) I ') ij 
• 5 l 1 h 
• ~ O 'fll-
• ~ (J3 3 
.ll9)1 
• 4 <; J_,. ;~ 

• Li Y Q f) 

.~.. ~~~ 
• !; . .-) I 7 
• 4 r rn 
• J .. 7 2.2 
• 1, I) 7 l 
• I~ 6 1 'f 
• 4 561-J 
.4506 
• 44 411 
.!,~7'1 
.L4~ 9h 
• Lj 2 () 1 
.40:S7 



RRPt-1 
44 1. 8 
441.d 
lt It 1 • ~~ 
41+ 1 • . '! 
4 )~ i . 0 
41+ 1. H 
41~ 1 • 8 
4!-! 1. d 
441 .. H 
ll4 1. 8 
41+ 1 • B 
41~ l. 8 
441. B 
4lj. 1 • d 
4 ~_, 1 • c3 
44 l. 8 
44 1 0 8 
441.8 
41+1.[i 
441. B 
44 1. e 
41~ 1. a 
4ti 1 .. H 
44 1. 8 
44 l. \l 
441.d 
441. d 
44 1. d 
44l.t3 
44 I. H 
441.8 
4t~ 1. 8 
441. d 
441.8 
441.~ 
44 J. 8 
441. d 
441.3 
44 1. 8 
44 1. 0 
44 J. 8 
441.8 
4 lj. l. 8 
441. e 
44 I. o 
441.8 
44 1. 8 
441.8 
441.H 
44 1. H 
441 .. 8 
441. d 
441. d 
441. b 
4~ I. 8 
4lt 1 • c3 
441.8 
4lt 1 • d 
441 .,t) 
4~ ·;. e 
44 1. 8 
44 1 • (5 
441.8 
44 1. B 
lJ-41.(3 
441 .. d 

RRAfE 
2 .. l:J 
2 • ( ~~ 
(';~(') 
~. ((> 
2. rr 
2.lR 
2.79 
2.80 
? .. ril 
2.d2 
2.83 
2 .. 84 
2 •. gs 
2.(56 
2.B7 
?. • t~ (~ 
2.09 
2.YO 
2. 91 
'L.92 
2 .. v _) 
? • '14 
2.95 
2 .. 96 
2 .. •)7 
2.98 
2. '19 
.. ~. 00 
3.01 
:' •• Li2 
~.03 
3.04 
3.05 
3.06 
3.07 
3.0H 
~~. 09 
3 0 1 () 
3. 1 1 
3. 12 
.3. 13 
3. I LJ 
.3.1:. 
-·. 16 
3. 17 
.) • 1 H 
3. 19 
3. 2 (, 
3. 2 1 
=).2? 
3 .. 23 
3.~LJ 
3.25 
3.26 
3.21 
3. 2 f3 
3.29 
3. 3C 
3.~1 
3. 32 
3-~~:> 
3. 34 
3 • .:'>~ 
3.36 
_-s. ) 7 
3 ~ ~1() 

R "SSULTS OF RUN 3 

_ r '\ T 
• 2 J .c) 

• 2 .~2 
• ? I!{, 
• .:' (I lJ 

,.. I . 
• .(_ I .) 

• 2 . ") 
• 2 .; (; 
.~IU 
• 3 .~ 2 
.3 3.:) 
,. .3ll 5 
• 3 .;6 
• 3<; 7 
.. ) ( l 
• ~ .; 3 . ~ .; : ~ 

• 4l 'A 
.41e 
• l.~. 1 8 
• 4 ~- I 
• 4q. l 
• 4 ') 6 
.4<'>4 
.4(3 
• 't ,J 2 
.410 
• It rn~ 
• 5 t_, (J 

.~I.) 
• 5 ,· 1 
.=} /1'\ 
~ ':) -~ '1 
• 5 :..,.,..: 
• s.: f (.) 
• 5 ') b 
.. '16:5 
• ') ( 0 
.'){() 
• ~ ~ 3 
• 5 J) 
• ~;/S 
• 6\ , I 
.6 G/ 
.613 
.618 
.6 ?4 
• 6'~·-~ 
• 0 1s 
• 6 11 c 
.61':> 
• 6 ~ c~ 
.6':>~ 
• 6 (J,_) 
• 6 C) 
• 6 (\: 
• 6 I') 
• 6 i' () 
.6,....4 
• 6>_ q 
.6''1.~ 
.. 6Yl 
.7 U? 

r r. () 
• 7 l ti 
• 7 11~ 
.718 
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P ~~ n t: 
l. 2 3! 
I. 2 4 I 
111? 1:6 
l.?.~)u 
l.2t,S 
1.2')9 
1 • ?. i, 4 
1.? f, H 
1. 213 
1.277 
1.2P~( 
1. 2;:: ( 
1. 2 '-I I 
1. 2 '--16 
1 • ~('I I 
1 • 3 (J () 
1. 3 12 
I. 3 1 >-l 
1. 3? 4 
1.:S::SO 
1. 3 36 
l. 34 2 
I • ) Jt d 
I. -~ 54 
1. 36 I 
1 •. 'S (, 7 
1.3(4 
I • 3 r' 1 
1 •. 'S ;._; 7 
I. 314 
1 • 4 () 1 
l. 4 c t) 
1.41~ 
I. L~22 
l. ~~ ?9 
1.4)-( 
1 • 4l.t )~ 
1. 452 
1 • l_j f: I 
1 .I~ A 9 
1. )__l- 7 8 
I • ~~ rl 6 
I • 4 't ~ 
1. SOL 
L 51) 
1.'>)2 
I. 53 1 
1.Si10 
1. 5 [) 0 
l.ShL 
I. s 7() 
1. ~ .- 8 
I. j ·} 1 
l.()l ~ 1 
1. 6 I? 
L62.:S 
l. 63S 
I. 6l.16 
1. 6 58 
I. 6 t 0 
l • 6 r-~? 
1 • 6 •/:, 
1 • r (; r 
l . 72 I 
1. 1 3l.t
l. 7l.~ d 

v ;:z r, rIC 
.Y? S:S 
• -1 1 ( ,;~ 
• c; 1 ill, 
~ 'i (J ~ ,·, 
• :-. y 0 .-, 
• tP< 'I ) 
.ddi~ 
• :·· 7 I) ( 

• ~~. ( 0 ·; 
• ~ ·~·ij 0 
• c~ S 7 P. 
.; ~ c)l7 
• ,; . l.j. ') ~-~ 

.~400 

.c.)4:? 
• t' 2 -) l 
• ~-j?. 1 I> 
.21')2 
.8C'/IJ 
• r; 0 2 ··~ 
• {C:I()') 
.1 ·">10 
.7f>.52 
.l/1?. 
.7/.)) 

( t', 7l) 
.7rJ1<1 
• -r _:) . 
. r~ 1 i 
.l<+~) 
• 71~ Cd1 ( ~; ~ c, 
• 7 ::s () ,, 
.72')4 
.l2CS 
.l1!)f) 
.710>) 
• 7 0'~6 
.70 0S 
• (;..:; 5 '> 
• f, I 06 
• 6 f'l, ') '-? 
.6 H10 
• (, 7 () l~ 
• () 7 1 ":\ 
• 66 74 
• 6<.:.28 
.( '18:;; 
• t· !.., ~ ~) 
.~)4)h 

• (;l~ 52 
• (; i.t (}Q 
• (;_) 6 ') 
• (J "S22 
.o?8Cl 
.623( 
. (, I ,; {) 
.o15') 
• 0 1 1 ~l 
• c.)o r 4 
.c0.:1'1 
~ ') 9 )r, 
-~ (156 
.')-Jib 
• '-:> ~~ 1 A 
• . J 8 "") :~ 



IUSULTS OF RUN 3 ( C0?1t.) 

44 .• d ~.3<t . l / I • C• I {j ?_ 1.7()2 .~{'-19 
44 1. b 3. i~ () • r .· ') .'i H 1 ) 1.17( • ~) ( () (l 

441. b :5 • t+ I ( ·' >-; . I (; ()) i • (<I? • -j 12.? 
4 4 l .. (J 3. lf /.1 .. r ~~ l02':l 1 • :~ (~ 7 .. ~.) fl ,.~ tl-
1: ll 1 • d 3.43 • -r ) --) • 1('1.( 1 • d /. ~~ .5 61tt) 
4 l; 1 • t3 3. 1.14 • 7 -, ') . I () f1 t 1 5 .9:',L .. •) {) c f) 
I+ 4 1 • () 3. 115 7:) ') . lC:'/1 I. dS L) .~ ')T~ 

t u l ! ~~ 3~o49 .. { ., s ' 
I ll'• \·P.(/ . ') ·:, -~ ,_, 

:).L, • f ~ ,· . 
' 

~4 .o-tl • r:J 4 ;_,.J) 

l~ 1.~ 1 • d 3 .ldi • 7 'l . 1161 1.909 .~q')A 
44 l. d 3.49 . (·.:) . I 1 d6 i.<)')'J • ~II 17 
41-t 1 • ~ 3.50 • 7'> 6 . 12 11 1 • 9!1 .; .')~,7 ;;;\ 

44 1. 3 3. ·~) 1 • 7 'j c; . 1236 I • :t ~· 0 .5 .)3F~ 
4 4 1. 8 3.52 • 7 f) I . 126) 1. 9'i2. .S?.c;~ 
114 1. a 3. 5 :) .. 7 (; ., . 1? 'iO ?.015 .~?60 
44 l .. (~ 3 .. ')4 . '{(-,(, 1:317 ? • 0 :') .. ; -~)2?0 
44l.U 3.')'1 .7c't • l .)46 ? • Ot-. S .')1{9 
44 l. d _).'){) • 7 ( 1 . 137") 2 .001 • ~) 1 ) 9 
44 l. 8 :'i • ':> -r 7 I~· .. . .) l 4 0'-1 2. 1 1t:: .:)099 
4 4 1 • (3 3.58 • 7 ( ~j • 1 4 :-)·) 2. II;. 6 . '.JOr)·~ 

441.8 3.~9 .. l ( r3 . J1_~6 7 2. 1 ( ( .5 01 7 
441 .. 8 3.60 • 7 t·lJ . 1SQ0 2 0 2(1 '-f • Lj ') ( '1 
44 1 .. B 3.61 .7r:l . 1 5.~4 ? • 2 l,:) • Lt C)') 2 
441.3 5.62 7 -· 7 . . ' . I') 7.1 ';!. 2 }• 0 • i., H g ~ 
4 4 1. d 3. 6.5 • 7-< ') . 16 0 ( ;?.~-';1-.f • tj h l~ ~~ 
441 .. (3 3.64 • 1 :.: () . l6!!.S 2 •. :. . 1 • ll 7 ) -
~~ 4 1. d .:S. 0 s • 7 ~-- ti . 1 oH!~ ~~.406 . ~~ (..., 2 
41~ l • ~l 3 .. 66 • l :-.:1 . 1726 /. • I+,> 1J • !.., '{ () 11 
;~,l.j. 1 • d 3.6/ • ( ) 0 . i 7 ( 1 2 .~12 • 4 f, 1

) ~ 
44 1. e 3. 6£·; • 7 -;o I f~ 1·1 /. ~ ( L:, • L ''jy) 
4!~ 1 • .:3 3.69 .. 7') 1 • 1 ~-' 70 2. 0 1-l.l+ • ~~ ~)I~ ~ 
44l.B -~. 7 (J . l .lrJ . 1 t' )i~ ?.1?3 • l.~ 4 .·l ) • 
l!4 1 • 8 3. { 1 • lt'O 1 ') dS 2.819 • 4 ~~ I ~~ 
44 1 . 8 3.72 • 7 ('c.: .?OS) ') • 9 11~ • Lt .) ~~ ( 
441.8 3.75 .. 7 ·"-! ") • /I 31 :-> . 0 ii 2 • II 2 o) 
44 1. d 3. 11~ • 7 ( 7 • 2 2 L~} 3.3SO • 4 1 15 
F-LOW CHQK ,..:D IN R()TO~ r# '\ s ~) '; (). ~ 
TIME, 1 MINUlFS t\\0 2 ~tCJ\JJ)S 
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RRPM 
441.8 
441.8 
44 1 ~I) 
44l.ri 
441. d 
41~ 1 ~ 8 
44 l. d 
4 4 1. d 
44 1. 0 
4!~ 1. 3 
L~ 4 1 • lj 
41~1.2 
44 1.. u 
441.t1 
441.8 
441.B 
441.o 
44 1. 0 
441.8 
44 1. e 
44 1. 0 
44 1. H 
441.8 
441.t> 
441. d 
41.1 1. 8 
441. d 
441.t) 
441 .. 8 
44 I. U 
44 1. H 
441.8 
441.8 
441.8 
441.8 
44l.U 
441.8 
4ll1.H 
441.~ 
441. B 
44l.d 
4t~l.d 
441 .. B 
4 4 1 • ~l 
4 4 i • .g 
44 1. d 
44 I •. g 
44l.B 
441. H 
4l.j 1. d 
441.0 
441. d 
1+4 1 "'d 
441. c 
441. B 
441.() 
44 1. d 
44 1. d 
44 1. d 
441.e 
Lj.4 1 • d 
4'+ 1. 8 
4l~ L. d 
441 .. H 
44 1. 8 
441.~ 

RRl\ft: 
2 .. 53 
2. 51.J 
2.S'J 
2! • ·'_) (J 

2. '> { 
/. ':,c-: 
2.59 
?.f>() 
2.61 
2.62 
2.f>3 
2. 6!~ 
2.6S 
2.66 
2. {) 7 
? • bt·: 
2.0? 
?.7{) 
2.11 
2. (? 
2.73 
?.74 
?.!'-> 
2. ( 6 
2.77 
2.72 
2. {9 
2~d0 
2 .. 81 
?.d2 
2. cs3 
2. dlf 
?.d5 
?.t\6 
2.dl 
2. d~:. 
2.U9 
~.9C 
2~Y1 
2.9? 
2.93 
2.94 
2. r; r_) 
?~96 
'?..9( 
2. ·:,tB 
?.99 
:S. 0 0 
.).U1 
:5.02 
3.(;3 
3.Uq 
.3.U5 
-~. 06 
3.07 
3 .. 08 
:S.09 
3. 1 () 
..) • 1 1 
-~ . 1 '2 
3. 13 
3. 14 
-~. l ') 
-~. I 6 
3. 1/ 
:5. 1 0 

RESULTS OF RUN 4 

f 1/\ T i<": 
-.0/C.• -.LOC~ 

• 0 l li • (; (l 0 1 
• ();>'{ • '){)(!~ 
• l~ . I ; • 0 (J I -~ 
• 0 ( 0 • 1."; C• ? 2 
.. 0 '' 1 • lJ (J 2 ·I 
• 1 I 1 • (! 0 ~A 
.1)0 .CCJI.P+ 
• 1'-16 .•-.~05J 
• 1 Z.12 • d0S7 
• 1 (rj .00(>11 

]13 .()071 
• 2 C K • 0 0 f.-: 
.?.~2 .(j(}.-15 
• 2 ) 6 • li lh' ") 
.2 ·.Jo .t.:lOu 
.263 .(.10{ 
.?f~· ·'IllS 
.2 -lB .1:122 
.·)()0 .1. )13:1 
.. :SI? .~ ·~~~ 
• :> / 3 • i_; 1 ~~ b 
• 3 ~i 4 • I ; 1 ..:, I+ 

.3~1) •' 102 
• 3 L) r.., • 'J 1 70 
• 3 :: s . tJ 1 ·r c~ 
o ) { 6 • l I 1 ;~ 6 
• ~ ~ • 1' 1 (/L~ 
.3;5 .t:2(H 
• 4 '· if • L ? 1 1 
.414 .12220 
.4/3 .c?~d 
.t~ ~\ 1 .023( 
• lj 'i 0 • v ~~ lj6 
• 4 1 I \) • 1:: 2 5 c, 
• l~ ' ) { • c 2 6 ') 
e 4 11 C) o 0 ~I { ') 

• 4 l :s ~ \; 2 .~s 
.1~.:U .u2 95 
• ) ~ d • I J ·) 0 ') 
.4'1~ .1;.:')]') 
• 5 ... 2 • C32~) 
• :> ~~ y • l>:S -~ () 
.516 .U:'54h 
• '> :_:.,) • td 57 
• 52 9 • c 3 o8 
• ~) _) 5 • () .:S 7 -1 
.s·"1 .i"~3YO 
.5 1•7 .C401 
• 5 J 3 • ( 1! 12 
• 5 10:} • (i ~ 2 1+ 
• ') ;J 4 • 0 4 ) 6 
• I) ( l ~ • t, 4 1~ { 
• ') rs • C·~~s:> 
.5 ,tj .C·471 
.5·6 .1 )1~:~4 
.'),2 . (!!.:'/-~ 

• 5 I 8 o ,j 5 12 
.6 1"4 .(J5?6 
.. 6 1 (i • (i s 4 ) 
.616 . 05SS 
• 6} 1 • I' 5 Jf) 
.6l_( .·:)'10'-) 
• 6.~2 • CloOD 
• 6 ll3 • Ci 6 F> 
• 6 l: .3 • v td l) 

lll 

PP.Of 
I • 1 !, h 
1. l 7 0 
) .. J fl+ 
1 • 1 ,. ll 
l. l -\) 
1 • l t 1 f> 
I • 1 'J 0 
1 • 1 •) 4 
1. 1) .: 
l. 2C2 
1.2[.'( 
1.) 1 l 
l.21S 
1 • ?. 1 9 
l.?~Jl~ 

I • 2 :' ~ 
1 .. 2 ~2 
1.? ~ 7 
1. 2 4 1 
1. 2116 
1.2r,0 
1.2S'.) 
l ') f' :. 

• L .) I 
1 • 2 ( 4 
1 • 2 6 .c~ 
I. 27 3 
l. 2 { ( 
1. 2 H2 
1 • 2 :-~ 7 
1.2<t2 
1.?·.)6 
1. 30 I 
l • 3 li 6 
1. ") 1 1 
l. .:S 1 { 
1. 32 ~ 
1. 3? d 
l ~ 3 -s 4 
j • 3 ij (/ 

1 • 3LJ l 
1. 3:,2 
i. 359 
I. 365 
I • -~ r 2 
1. 3 T~ 
1.3():, 
I • );i 2 
1. 3 i I 
1 • l! l i 6 
1 • 4 1 :; 
I. i+ 2( 
1. 4? ':3 
1. 4Y~ 
1 • !4- l.t '2 
1. 4'::>li 
1.4:,8 
1 • 1.~ () 6 
1.1.~74 
I • ~~.) 3 
1. 4•J2 
l . f) (' l 
1. S I u 
1 • 5 1 '1 
1 • 1

) ~~ d 
1. 5 :s 0 
1. 5117 

VH..:\Trc 
l • t • ri 5 c:, 
1 • c r -:.,~ 
l.u62l~ 
1 ~ ( l:J I .:\ 
1 ~ UL+O'-i 
1 • c, 7,01! 
l.C20) 
l . c l (jlj 
l.CC1 l0 

• y :; I 1 . '/:..:,} ( 
.'){!>9 
.96S4 
.9Sf0 
• ·.;~1 Hk 
.t}ij.()~ 

• y :;_)0 
• 9/ 51~ 
. ; ll ') 
• 'I 1 -) 11 

.401!) 
• t: 965 
.dBJ7 
.cB2J 
• t { 64 
.e702 
• (,{) )t~ 
• () t) (I) 
• c< S I '> 
• (. 1-f 'J A 
.2~97 
• (_) .)4 0 
.L2':1) 
• ts? 2 '~ 
.n1A7 
.tilOlt 
• ~w L~ 2 
.7 9~1 
• 7,1)2 
• 7Hol+ 
.7P,o')) 
.77S2 
• 7 t> ;If 
. l !, ~ 9 
• L>8 :S 
• -r r:>-; 7 
• 7 '+ (::.; 

( l~ 2 (} 
• r :S6>i 
• l 3 I~ 
• ·r; t1 7 
• -r? 1 r 
• {I <'.8 
.'(]}0 

70l2 
• fG24 
.o'-)(~ 
.o~)?5 
• 6:~-/6 
• 6 ~~ 2 r 
.b{(':) 
.675/ 
~ 6 f; ~l.) 
• 6 (') ~ 1 
• 6 ~<;I) 
.o:->5? 



RESULTS OF RTJ!J 4 (cont.) 

4 4 1 • ~; :s • 1 -i • 6 , · H • c· (, 1 ~ r) 
4 4 1 • ~j .) • 2 () • (J • L1 • ( · f> 6'!., 
4l.J l • d _") • 2 1 • A ) '/ • : J (; 7 ·3 
4 4 l .. C) 3 • 2 2 • 6 '; 11 • \.) ( '/~ 
441.h .:).')_~ .o ·jr: .i.l/11 
441.~ 3.24 . of~ . L7?) 
4 4 1 • B 3. 2 "> • 6 ( r$ • 0 /4 6 
41tl •. M 3.(.6 . 6··~ . \ 7!)J, 
L~ ~~ 1 • tl .:') • .,,. 1 • 6 . t • li r r~ I 
4 ~~ 1 • B :S • 2 ~ • 6 '/ • CJ ~~ 0 0 
4 4 1 • t\ -~ o 2 9 • f> I I) • :1 .:•. l l 
4 4 1 • e 3 • _) o • -r c. 1 • 1 : ~'· ~ 7 
4 4 1 • o _-) • 3 1 • r \: 1

) • o ,..' :~, 6 
4 4 1 • 8 3 •. ~) ) • 7 c '} . (; d 7 j 
4 4 1 • t~ 3 • ~ ..) • { I L • L H 9 5 
4 4 1 • E1 3 • 3 4 • l I H • C . ') 1 ~ 
441.8 3.3"> ./22 .( ·93') 
l~ 4 1 .. t\ -~ •. ~ 6 • 7 ,) ) • l) 11 C) s 
4 ll 1 • d 3. 3 ( • 7 ~ 9 • \ (,' 7 6 
4 u 1 • t) ) .. :) ~; • 7 ~ -s • ( ') -; ( 
441.v 3 .. 39 .f )A .101 ~~ 
441. 8 3.110 • (;(! .1 1)3) 
441. 0 3.q1 .{ •:) .1\ ~fJl 
4 4 1 • 8 3. )~ 2 • 7: ~ 7 • 1 () rl' ~ 
4 4 1 • ~~ 3 • !~ 3 • l ·_. ;.; . l 1 Of> 
4 4 1 • 8 3 • l-t '~ • ! · ' ~ . l 1 1.) 
441. 8 3.45 .1 >6 1154 
441./J 3.46 .l 'JY .117c5 
4 4 1 • 8 3 • l+ l • ( i 2 • 1 2 0 ~ 
44l.r~ 3.,.J<: .((.') .12'!> 
44l.H 3.49 .rt. ( 12~') 
441.ti 3.5U .7/ l: .12 d2 
4 4 1 • d 3 • 5 1 • '( ( ) • 1 5 l ') 
4 l+ 1 • B .~ • S 2 • I 7 ~ • I .:) 'l ·~ 
l+ 4 1 • d ) • 53 • ( ( ( • 1 3 f, .'-J 
4 4 1 • ti 3 • 'i i.j • ·r .. ! o • 1 1 .) r 
4 4 1 • ~1 3 • ') 5 .. l -~ 2 • I ~~ 2 f 
441.B _i .SA .7 <. .14S-i 
441.b 3.57 .l t~6 .l492 
441.b :;.sH .lc, o .1S?t+ 
4 4 1 • ti 3 • :) 9 0 ( ) 0 • 1 5 6 :; 
441 .. () 3.60 .7 i2 .l">ltl 
441. H 3.61 .( ,3 .lid~ 
44 l .d 3 .. 62 • 7-~4 167) 
4 4 I • 0 3. (, 3 • 7 ·; () • 1 { 111 
441.H .'5 . 64 .. 7t7 .17')/ 
441.8 3.65 .717 ld03 
4 4 1 • 8 3. 6 6 • 7 ,) d • 1 (:5 1 
4 4 1 • s 3 • 6 7 • ·r .,. r • i (J Ch 
4 4 1 • <> :> • 6 H • 7 : 7 1 .) 1:>3 
441. 8 3.6~ .115 -~ 02~ 
4 4 1 • H 3 • 7 0 • l 'I 3 • ;, 1 0? 
4 4 1 • H 3 • f 1 • 7 :) ~ • ; 1 9 ) 
4 4 1 • 8 5 • 7 2 • r r 2 • ~· _-s 6 ~ 
F L 0 W C H 0 K F 8 I \J RUT 0 I"Z P ;\ S ~ ·'< 0. 2 
TIME, 1 MINUTES A~O 2 ~EC1~ns 
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. (; ') (,.' 

• (> l~ i >,I 
•. oL../.2 
• 6 ·) f~ I) 
• u 5 ·; r 
• (, /) i~ 

.c /') 1 
' r < 

1 I 1 
• {) 11\ 9 
.6127 
.60df> 
• 6 ('H~ ~ 
• {) (j l) 6 
.':J9A7 
• ':J '129 
.~U9D 
.Sr·'10 
• '> q I I 
.')772 
• ~) 7 ~ 4 
• ') 6 '~I> 
• i') 6 '· , =~ 
. ')/)~() 

.5S o~ 
• L) ~ i~ f1 
• :-:> '-1 I)') 

• Sh 71 
• 511 .) 2 
• L) ~ (.{ 2 

r. ., '· l . ..) ) ) :) 

. s 3 11~ 

.') / ( ') 
• Ll ') 3 ,-) 
.~l P"> 
. 'JlSS 
• ~ 1 1 ,, 
• ~-. 0 ?l..l 
• ~) 0 3 ~ 
• 4'::19() 
• 4 911 q 
.4 '700 
.4 d61 
• 4 M 1 I> 
• 4 770 
• 1.; f?2 
.4 67.-; 
.L. 62 ? 
. 4S6P 
. 4~0~ 
• lt44~ 
• I! 'S ( 0 
.u?98 
• Lt 20fl 
• 4 ()()'~ 



R~ULTS OF RUN 5 

RRPi'w1 RR/\TE ETAT PC PROE VRATIO 
240 .. 0 2.00 .5d2 .. 009:) 1.1:?2 .678n 
240.0 2. 10 .652 • 0 129 1 • 14 1 .6~_;)9 
240.0 2.20 .6{0 • 0 162 1. 1 6 2 .~9')9 
240.0 2 .. 30 .699 • 0 19B 1. 1 8 4 .5626 
240 .. 0 2o40 .720 0 0237 1. 20 7 .. S.:S.:SO 
~~~g & 0 ~46Q : 7 ·)l~ • 02~0 10 ~53 -~0')9 4 ~. u 'o a .r4o • d :~ , 1 .. - (> 2 .. L')1") 
240 .. 0 2.70 .7S3 • 0377 1. 293 .4585 
240.0 2.BO .7'J7 • 04 3.~ 1. 327 • 4 3 71~ 
240 .. 0 2o90 .760 • 0493 1 .. 366 .. 4177 
2L,0 .. 0 3.00 .760 • 0 ')51 1. 4 09 .39B9 
2 40 .l) 3 0 10 .7~9 • 0632 1 0 459 .3811 
240.0 3 .. 20 .. 755 .0712 1 .. 516 .3639 
240o0 3o30 • 71~ 9 • 0801 1. 584 .3471 
240 .. 0 3.40 .742 .0901 1. 666 .330n 
240.0 3o50 .7.)1 • 1 0 14 1. 769 • .:S140 
240o0 3.60 .7!9 • 1 1 46 1. 904 .2969 
240.0 3o70 .702 • 1 306 2.096 .278R 
240 .. 0 3.HO .677 • 1 5 18 2.422 .2~73 
FLOW CHOKED IN ROTOR Pf\ SS NO. 2 

RRPM RRATE ETAT PC PROE VRATIO 
250o0 2 .. 00 .538 • C090 1. 1 20 .7135 
250.0 ? • 10 .598 .0120 1. 139 .6656 
250.0 2o20 .644 • 0 i 51~ 1 • 16 0 .6238 
250.0 2.30 .619 • 0 192 1 • 1 8 3 -~878 
250.0 2.40 o?OS • 0232 1. 20 7 .5559 
250.0 2.50 • 724 • 0?76 i .. 23.~ .5/74 
250.0 2.60 • 7 .H3 • O.:S24 l. 262 .. 5011 
?50.0 2.70 • 71~ 8 • 0376 1. 294 .4770 
250.0 2.RO .. 7'J5 .o4_:n 1. 32 9 .4547 
250.0 2.90 .7S9 • 0496 1. 369 • 43 .:SR 
250.0 3.00 .7h2 • 0565 1. 4 LS • 4 14 1 
250 .. 0 3 0 10 .762 .0640 1. 464 -~953 
250.0 3o20 .759 .072:> 1. 5/3 .3773 
250.0 3.30 .7~5 .0816 1. 59 3 .359 0 
250.0 3 .. 40 .748 • 0920 1. 6 78 .3423 
250.0 3 .. 50 .739 .. 1039 1. 7 84 .3249 
250 .. 0 3.60 .727 .1178 1. 926 .3068 
250.0 3.70 • 7 1 1 .. 1 347 2 .. 130 .. 2U75 
250.0 3.80 .6d5 • 15 76 2.489 .2645 
fLOW CHOKED IN ROTOR PASS NO .. 2 

RRPN RRATE ETAT P:: PROE VRAi-10 
260.0 2.00 o426 • 0079 1. 1 1 6 .7513 
260o0 2. 10 .5';9 • 0 110 1. 1 36 .698') 
260.0 2.20 .. 613 .0145 1 0 1 50 .653? 
260.0 .?.30 .6'::15 • 0 1 8.3 1 .. 1 8 1 .6139 
260o0 2.40 .6~7 • 0225 1. 206 .~796 
260.0 2.50 • 7 l 1 • 0270 1. 2 32 .~490 
260o0 2.60 .729 .. 0320 lo 262 .52l:i 
260.0 2 .. 70 .742 • 0 3 74- 1. 294 .4958 
260 .. 0 .?.80 .7'::l1 • 0432 1. 330 .4722 
260 .. 0 2.90 .7'->8 0 0497 1. 3 7 I .4501 
260.0 3 .. 00 .7o2 • 0568 1. 4 1 6 .4293 
260o0 3. 10 o763 .0646 L.468 .4097 
260o0 3.20 • 763 • 0732 1. 52 8 .3908 
260.0 3o30 .760 • 0829 10 600 .3723 
260.0 3o40 .7~4 • 0937 1. 688 .3541 
260.0 3.50 • 71.,.6 • 1062 1. 79H .3358 
260.0 3 .. 60 .7:')5 • 1207 I. 946 .::S169 
260 .. 0 3 .. 70 .718 0 l 387 2 .. 163 .2963 
260 .. 0 3.80 o691 0 1635 2.560 • 2 71 ~ 
FLOW CHOKED IN STATOR PASS NO. 2 
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RR Pr-~ RRATE 
270 .. 0 ?.00 
27 0 .. 0 2 .. 10 
270.0 ?..20 
270 .. 0 2.10 
270 .. 0 2.40 
~--8 n 21 :0 ~ .. g8 

?.6 
270 .. 0 2.70 
270 .. 0 ?.80 
270 .. 0 2 .. 90 
270.0 3 .. 00 
270.0 3. 10 
270 .. 0 3 .. 20 
270.0 3.30 
270.0 3 .. 40 
270.0 3.50 
270.0 3.60 
270.0 3.70 
270.0 3.80 
FLOW CHOKED IN 

RRPM RRATE 
280 .. 0 2. 10 
280.0 2.20 
280 .. 0 2.30 
280.0 2.40 
280.0 2.50 
280.0 2.60 
280 .. 0 ?.70 
280.0 2.BO 
280.0 2.90 
280.0 3.00 
280.0 3 .. 10 
280 .. 0 3.20 
280 .. 0 3.30 
280.0 3.40 
280 .. 0 3.50 
280 .. 0 3.60 
28 0 .. 0 3. 70 
280.0 ~'S. BO 
FLOW CHOKED IN 

RRPN RR/\TE 
290.0 2.10 
290.0 2.20 
290.0 2.30 
290 .. 0 2.40 
290.0 ?.~0 
290.0 2.60 
290.0 2.(0 
290.0 ? .. FJO 
290.0 2.90 
290 .. 0 .:>.00 
290.0 3.10 
290 .. 0 3.20 
290.0 3.j lj 
290 .. 0 3 .. 40 
290.,0 3.50 
290 .. 0 3.60 
290 .. 0 3.70 
290.0 3.80 
FLOW CHOKED IN 

E L\ T PC 
.426 • 0067 
~ 5 I ~ • 0099 
.sre • 0 i .:S4 
.627 • 0 1 T~ 
.666 .02 i6 
.t! (;(.J~~ 

.718 
.. b::>{i-::: .. r • ) 31 ~ 

.734 • 0369 

.. 71-+6 .. 0430 

.. 75~ • 0497 
• 7 0 1 • 0570 
• 764 • 0651 
• 765 .. 0740 
• 7 6lt • OB40 
.760 .095~ 
.752 • 1 OR3 
.742 • 1236 
.726 • 1425 
• 611 • 1693 

STATOR PASS NO. 

ETAT PC 
.460 • 0087 
• 5.3 7 .0123 
.596 .. 0162 
• 61~ 1 • 0206 
.6(6 • 0255 
.704 • 0307 
.724 • 0364 
.7~9 .0426 
.7~0 • 0495 
.?sa • 0570 
.763 • On 54 
.766 • 0746 
.766 • 0850 
.764 • 0967 
.. 7~8 • 1 102 
• 748 • 1262 
.7:13 • 1461 
.703 • 1750 

S T ATO;{ PASS NO. 

ETAT PC 
• 400 • 0073 
.. 4 9 1 • 0 1 09 
.560 .0150 
.612 .0195 
• 6~4 • 0244 
.. 6~J 7 ;o 029e 
.. 712 .0357 
.730 .0421 
.744 .0491 
.. 7'J5 .OS69 
.762. .0655 
• 166 • o-r so 
.76rJ .OP.57 
.767 .0979 
.76:) .Jll9 
.7':>4 .1286 
.. 7.:>9 .1496 
.708 .1807 

2 

2 

STATOR PASS NO. 2 
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PROE 
1 .. : i :3 
1.1:>3 
1. 1 55 
1. 17 8 
1. 204 
1 ~ ~ ~ 1 
1~2()1 
l .. 294 
1. 3 3 1 
1 .. 372 
1 .. 419 
1. 4 72 
1 .. 5:)4 
1 .. 607 
1. 69 7 
1 .. 8 12 
1. 965 
2. 1 94 
2. 6.)4 

PROE 
1. 1 2 9 
1. 152 
1. 17 6 
1. 202 
1 .. 230 
1. 260 
1. 294 
1 • 3 3 1 
1 .. 3 7 3 
1. 4 2 1 
1. 4 75 
1.5.:1)8 
1 .. 6 1 3 
1. 705 
1. 824 
1 • 9 8l~ 
2. 22l~ 
2.710 

PROE 
1. 125 
1. 14 8 
1 • 1.7 2 
1 .. 1 99 
1. 22R 
1. 25 9 
1. 29 3 
1 • 3 3 1 
1 .. 373 
1. 422 
1 .. 4 77 
1. 542 
1 ... 61 9 
1. 7 13 
1 .. R34 
2 .. 001 
2.2':>5 
2.787 

VRATIO 
.7928 
.. 73.)0 
• 6844 
.6413 
.. 6 Ql~Q 
.. i1111 
.~418 
• 5 P~8 
.4900 
.4667 
.4448 
.4241 
.4043 
• ..)850 
• ..)659 
.3467 
.3~69 
.3052 
.2781 

VRATIO 
• -1703 
.7160 
.6700 
• 629S 
.5941 
.5627 
.~34:? 
.5079 
.4R35 
.4605 
.. 4387 
.. 1 ... 180 
.3977 
.3779 
.3577 
.3.:S68 
.3141 
.2848 

VRATIO 
• 8 1 1 7 
• 7t.f.9n 
.70 00 
.6561 
.6180 
.5841 
• S5.38 
.5263 
.5005 
.47.)L~ 
.4535 
.4.)17 
• --;- l 06 
.389R 
• ..)688 
.3469 
.322R 
.2914 



R!1P 1'1 RRATE 
300 .. 0 2 .. 20 
300 .. 0 2 .. 30 
300.0 2 .. 40 
300.0 2.50 
300.0 2.60 
~gg:g 2 .. ro 

:?.no 
300 .. 0 2.40 
.:SOO.O 3.00 
300 .. 0 3. 10 
300.0 :S.20 
300.0 3.30 
300 .. 0 3 .. 40 . 
300.0 3.50 
300 .. 0 3.60 
300 .. 0 5 .. 70 
500.0 3.d0 
FLOW CHOKED IN 

RRPM RR/\TE 
310 .. 0 2.20 
310.0 2.30 
310 .. 0 2 .. 40 
310.0 7..50 
310 .. 0 2.60 
310 .. 0 2.70 
310.0 2 .. 80 
310o0 2.90 
310.0 3.00 
310.0 3. 1 0 
310.0 3.20 
310.0 3.30 
310.0 3.40 
310.0 3.50 
310.0 3.60 
310.0 3.70 
310.0 3.80 
FLO~J CHOKED IN 

RRPM RRATE 
320 .. 0 2.30 
320.0 2.40 
320 .. 0 2.50 
320.0 2.60 
320.0 2.10 
320.0 2.t30 
3?0 .. 0 2.90 
320.0 3.00 
32.0.0 3.10 
.:S20 .. 0 3.20 
320.0 3.30 
320.0 3.40 
320.0 3.50 
320 .. 0 3.60 
320 .. 0 3.70 

ETAT PC 
.4)7 • () 0 95 
.Sid • 0 136 
• 5 d 1 • 0 182 
.628 • 0?. 32 
.667 • o 2 eg 
·$97 .. 1 '}/ 

• 03~~ 
• ll4 lt. 

.757 • 0486 

.71)0 • 0566 

.7'>9 .. 0654 

.766 • 0752 

.769 .086.1 
• 7 !0 • 0989 
.767 • 1 1 35 
.760 • 1309 
• 7J.I S • 1530 
• 7 13 • 1864 

STATOr< PASS NO. 

ETAT r: 
.3!6 • 0079 
.471 .0121 
.544 • 0167 
.600 .021:} 
.. 644 • 02 75 
.6(9 • 0 3 3t3 
.. 107 • 0406 
.. 727 • 0480 
• 743 • 0561 
.755 • 0652 
.764 .. 07'>3 
.769 .086l 
• 7 !2 .0997 
.771 • 1 1 49 
• 7 61~ • 1329 
.7'-)l • 1560 
.716 0 1922 

STATOt{ PASS NO. 

ETA T P:: 
• 4 1 8 • 0 1 0!~ 
.502 .. 0151 
• 568 • 0203 
.619 .0201 
.6')9 .0325 
.691 .0395 
.716 .OL~72 
.73') .0551:) 
• 750 • 0648 
• 761 • 0752 
.768 .0869 
~772 .1003 
• 7 7 3 • 1 1 60 
.709 .1348 
• 7S6 • 1589 

2 

2 

32o .. o 3.eo 
F L 0 v! C H 0 K E 0 I N 

• 7 19 .. 1982 
STATO~ PASS NO. 2 
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Pi~OE 
1 .. . l~ 
1 .. ; () 9 
I. 1 9 ') 
1. 225 
l.?S7 

l: ~~t 
1. 37 3 
1. 4.? 3 
1. 4 79 
1 .. 545 
L. 6/3 
1. 7 2 0 
1 . 84 5 
2.016 
2. 2 ?.4 
2 .871 

PROE 
1. l 3 9 
1. 1 6 4 
1. 19 2 
1 • 2 2 1 
1.,2')4 
1. 29 0 
1. 329 
1. 3/3 
1 .. 4/.3 
1. 4 eo 
1. 51~ 7 
1. 62 7 
1. 726 
1. 854 
2 .. 030 
2.310 
2. 9 65 

PROE 
1. 1 59 

lR7 
i. 2 1 7 
1. 2 5 l 
1.287 
1. 32B 
1. 372 
1 .. 423 
1. 4 d 1 
1..549 
1.630 
1 • 7 3 1 
1. 862 
2. 041~ 
2.335 
.:S.069 

VQ..I\TIO 
.7869 
.1309 
• 68i..;.l~ 
.6427 
.6063 
.. 5l41 
.. 1)44q 
.S17R 
.4?23 
.4686 
.!.1457 
.4/.36 
.4018 
.3799 
• .:S571 
• .:S316 
. 2977 

Vi~ AT I 0 
.626'> 
.7642 
• -, 1 32 
.6687 
.6290 
• 591~ 7 
.~63e 
.~.:S52 
.SOR7 
.. 4836 
.459H 
.!.;:)66 
.. 4 14 1 
.:)911 
.3673 
.3406 
.3037 

VRATIO 
.8009 
• l4 51•" 
~696-:1., 
.65.)') 
.6163 
.~R31 
.. 5S.30 
.52'>1 
.4'-)89 
.4740 
.4499 
.1.~2 62 
.402') 
.377S 
.3496 
.3093 



RRPM RRATE E T J\ T PC PROE VRATIO 
:)30 .. 0 2 • .10• ... .1')7 • 0086 1. 1 s 4 .6387 
330~0 ?. • ~~ 0 .4~6 • 0134 1 .. 1 8 2 .7762 
330o0 2.50 .. 5 ') 1 • 0187 1. 2 1 3 .7239 
3-:50 .0 2.60 .5-JO • 0246 1. 21+ 7 .6-(89 
330 .. 0 2.70 .6~6 • 0 311 ;.,ZL\4 .6386 
330 o0 2.tl0 .. 673 .0:583 1. 325 .60.31 
.130 .. 0 2.90 • l0:5 • QJ~ 62 1. 3 { l .S712 
7,~8 '8 3::> J: . 3 .. QO 

;') • I Cl 
.7?6 
... fh j 

• B ~ t~s 
• 4~ 

l ->!• fi 2 1 : Ji ( f ~ f'( 'f 1 ~ • 5 4 . 
330.0 3.20 • 75 -r • 0 {50 1. sso • 488!~ 
.130.0 3.30 .766 • OR70 1. 6 33 .46~1 
.130.0 3 .1~0 • 7 {2 • 1 DOH 1. 7 36 • 4~)86 
330.0 3.50 .77':J • 1 16::> 1. 869 .4138 
330 .. 0 3.60 .772 • 1.~65 2.056 • .1878 
330.0 3.70 .761 • 16 16 2.3')9 .3586 
330.0 3.BO .7~1 • 2042 5.181 .3147 
FLOt-J CHOKED IN STATOK PASS NO. 2 

RRP~1 RRATE ETAT PC PROE VRl\TIO 
340.0 2.40 .403 • 0 1 15 1. 17 6 .8123 
340.0 2.50 .490 • 0169 1. 208 .7534 
3t~O.O 2.b0 .559 .. 0229 1.2!~2 .70')4 
340.0 2.70 • 6 1 1 • 02.YS 1. 280 .6619 
340.0 2.00 .6S4 • 0363 1. 322 .6241 
340.0 2.90 .6cB • 0449 1. 36 9 ... 5897 
340.0 3.00 .715 • 053R I. 4 2 1 .55 88 
.140 .. 0 3. 10 .73S • 0636 1.481 • I).) 00 
340.0 3.20 .7')1 • 0 745 1. 55 1 .503 0 
340.0 3.30 .763 .0869 1. 6 3 5 .4766 
340.0 3.1-1-0 .772 • 10 10 1. 7 39 • ! : 5 i 2 
340.0 3.50 .776 • 1 177 1. 87 6 • L}25 3 
340.0 3.60 .776 • l 379 2.0 67 .39 8 ~ 
340.0 3.70 .765 • 1642 2.382 .-:5676 
340.0 3.BO .715 .2137 3.428 .3157 
FLOW CHOKED IN STATOR PASS NO. 2 

RRPM RRATE ETJ\T PC PROE VRJ\TIO 
350.0 2.40 • -~4 l • 0095 1 • 1 7 1 .8478 
350.0 2.~0 .443 • 0149 1. 202 .7857 
350.0 2.60 .522 .0210 1.2?)7 .7322 
350 .. 0 2.70 .5 n3 • 0?77 1. 27S .6867 
350.0 ?.80 • 6 ·) 1 • 0352 1. 3 H1 .6455 
.:)50.0 ?..90 .670 • 0435 1..366 .6091 
350.0 3 .. 00 .702 .0527 1.1~20 .5761 
350.0 3. 10 .7?6 .062l 1. 4BO -~460 
350 .. 0 3.20 .745 • o7-z,9 1. 5S2 -~17C, 
350.0 3.30 • ·r 60 • 0866 1. 6 37 .4 903 
350.0 3.40 .770 • 1 0 11 1. 7!~ 3 .4636 
350.0 3.50 .716 • 1 182 I. 8R 1 .4.369 
.i50.0 3.60 .7(8 • 1 3 91 2. OT7 .4088 
350.0 3.70 .769 • 1665 2.402 .3768 
350.0 3.80 • 7 17 .2196 3.556 .3210 
FLOW CHOKED IN STATOR PASS NO. 2 

RRPM RRATE ETAT P::: PROE VRATIO 
360.0 2.50 • .391 • 0 127 j. 1 9 5 .8210 
.:)60.0 ?.60 .4ol • 0190 l. 232 • 7 6 11 
360.0 2.70 .5'11 • 02 5~~ i .. 27 0 .712 1 
360.0 /.80 .606 • 0334 1.314 .6681 
.:j6 0 .. 0 2.90 .6')1 .0419 1. 362 .6291 
360.0 3.00 .687 .051.1 1 .. 4 l 7 .5940 
360.0 3.10 .715 .0616 1. 4 79 .5621 
.:S60 .. 0 3.20 .7.:S 7 .. 0 7 31 l. 55 1 .5324 
360.0 3.30 .75 4 • 0861 1..638 .5039 
360.0 3.40 .767 • 1 0 11 1. 746 .476/ 
360.0 3.50 .776 • 1 186 1. 886 .4485 
360.0 3.60 .779 • 1401 2.086 • !~ 1 94 
360.0 3.70 .77.:) • i 686 2.421 .3861 
FLOW CHOKED IN ROTOR PASS NO. 2 

llb 



RRP~i RRATE f: ff4 T P:: PROE VRATIO 
370.0 2. SO • 3) 1 • 0 l 05 l. 1 9 0 .ci543 
370 .. 0 2.60· .4)S • 0 167 1. 22 5 .792S 
370 .. 0 2 .. ·ro .. 5 1 ') .. 0?37 1 .. 265 .7381 
370o0 ?oHO .579 • U.~ tt~ ~ . 308 o6922 
370 .. 0 2. 90 .6/9 .0401 1.3 ')?, • 6'198 
370.0 3.00 ... (, lO • 01+9l 1. 4 14 .. 6125 
370.0 3.10 . l0 2 .0603 1.47l .5787 
:.70.0 3.20 .7LfJ .0721 1.550 .~47') 
370.0 3 .3n • 7118 • ons5 1,; 6 :=>9 . Sl 77 
-{~· s~-o 3::~8 :79~ : 198~ 1 .. 7!t 7 !ll~~l 3 7 0 tj _.., 0 i: 89l 
3"10.0 3.60 .700 • 1409 2 .. 093 .4~01 
.:S70.0 3.70 0 777 • 1705 2. 4_:S8 • 395'1 
FLOH CHO KED IN ROTOR PASS NO. 2 

RRPM RRATE ETAT PC PROE VRATIO 
380.0 2.60 .384 0 0143 1. 21 7 • 8270 
380 .. 0 2 .. 70 . 476 . 0214 1. 258 .7662 
380 .. 0 2.BO .548 • 0292 1. 302 .7 165 
380.0 2.90 .605 • 03 81 l .. 352 .6716 
3 80 .. 0 3 .. 00 .651 .. 0479 1..409 .6~18 
3 80 .0 3. 10 .688 • 0588 1.4 74 .. 5959 
380.0 3o20 o717 .07 10 l. 549 .5627 
380C>O 3.30 • 7 !~ 1 .. 08 46 1.6.)8 .:,3 18 
380 .. 0 3 .. 40 .7~9 • 1004 l .. 750 · o50 i-( 
380.0 3o50 o773 • 1189 1. 894 .. 47 19 
380 .. 0 3.60 .780 • 1417 2.102 .4406 
380.0 3.70 .. 719 • 1722 2.453 .4048 
FLO~·J CHOKED IN ROTOR PASS NO. 2 

RRPM RRATE EfAT P:: PROE VRATIO 
390 .. 0 ?.60 .325 • 0 1 18 1. 2 1 2 . 8583 
390.0 2.10 .4.:S1 • 0 1 SCJ 1.2')1 .. /967 
390.0 2. eo • 5 1.1 • 0269 1. 2 96 .ll-~17 
390 .. 0 2.90 .578 .035g 1.. 346 .6947 
390 .. 0 3.00 .6.)0 0 0459 1.404 .. 6516 
390 .. 0 3. 10 .672 • 05 70 1. 4 70 . 6134 
390.0 3.20 .7 05 • 0695 1.547 • 57 8S 
390 .. 0 3 .. 30 .7 :S2 • 08~5 1. 6 38 .. 51~ 60 
390.0 3. 40 .753 • 0997 1 • 7 51 .5 1 t~6 
390o0 3 .. 50 • 1 ro • l 18R 1. 89R • 48 36 
39 0 .0 3.60 .7 80 • 1 422 2 .. 109 .4513 
390.0 3.70 .781 • 1737 2.470 • 4 14 1 
FLOW CHOKEO IN ROTOR PASS NO. 2 

RRPM RRATE ETAT P:: PROE VRATIO 
400.0 ? • 70 .3d1 .. 0 162 1. 24 2 ... 8296 
400.0 2.80 .4{ 4 • 0 2 44- 1. 289 .76 89 
400o0 2.90 .548 • 0334 1. 3 39 .7 185 
400.0 3.00 .6 07 • 0436 1. 398 .6726 
400.0 3. 10 .654 • 0 551 1.465 .6318 
400.0 3.20 .6')2 • 06 79 1. 54.~ .~ 949 
400.0 3.30 .722 . 0823 1.6:57 .. ~604 
4 00.0 3.40 .747 • 09Rj 1. 750 .~2RO 
400.0 3.50 • ·r 6 6 • 1 1 84 1. 9 0 1 e495') 

~ 400.0 3.60 .779 .. 1424 2. 1 1 4 .46 21 
400 .. 0 3.70 .7d2 • 1 752 2.4 86 .4233 
FLOH CHOKED IN ROTOR PASS NO. 2 

RRPI'-1 RRATE ETAT PC PROE VRATIO 
410.0 2.70 .. 3?4 0 0 l 35 1 .. 2 .)6 . 8599 
4 10 .. 0 2.HO • 4:, 1 .0216 1. 280 • 7<;8t~ 
410 .. 0 ?.90 .514 • 0308 1.. 3 _) 2 • "{!~ 2 7 
410 .. 0 3.00 .S B1 • 04 11 i. 39 1 .6946 

10.0 3.10 .6--34 • 052d 1.L~59 .6509 
41 0.0 3.20 .617 • 0660 1.5?)9 • 6 1 15 
410.0 3.30 • 7 1 1 • 0808 1.6.~4 .575 ~ 
t~ 1 0 .. 0 3.40 .7 39 .. 0978 l. 7S 1 .S 410 
410.0 ."3. 50 .761 • 11 78 1. 903 • 50 7') 
410.0 3.60 .777 • 1427 2. 1? 2 .4726 
410.0 3.70 .783 • 1 7 64- 2.5 01 .4327 
FLm-1 CHOKED IN ROTOR PASS NO . 2 
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RRP~1 RRATE ETAT P: PROE VRATIO 
420 .. 0 2.BO • 3 (J ? • 0 186 1. 27 1 • b? 96 
420 .. 0 ?. • 90 . .. 4 -(7 • 02HO I .324 .76Rg 
420.0 3 .. 00 .'152 • 0 -~EH~ 1.183 .-(177 
420.0 3 .. l 0 .612 • 0504 1.45? .6709 
!.~20 .. 0 3.20 .660 .. 063R 1. 534 .62f19 
420.0 .. ~.:-so .. 700 • Ol91 1. 630 .'J907 
420 .. 0 3.40 .?SO • 096S 1 • 7 L~ 9 .5546 
420.0 -~.50 .755 • I 1 71 I. 904 .5196 
420.0 3.60 .775 • 14 27 2. 12R .48:S:S 
ttg8.,g 3.To - l d 4 .. 1775 , . ~~~~16 .. 4420 
FL vJ EH5KEU N !HH b K il A 5 '5 f\J 5. .c. 

RRPM RRATE EfAT PC PROE VRATIO 
430.0 2.80 .32.7 • 0 156 l. 264 .8S9S 
430 .. 0 2.f.)0 . 4~ 5 . 02l~9 1 .. 314 .7972 
430.0 3 .. 00 .520 • 03S6 1. 375 .7408 
4 30 .o 3 .. I 0 .5e7 .0477 1. 444 . 6917 
1.:.30.0 3.20 .641 .06 14 l. 526 .6472 
430.0 3.30 • 6 c! 6 . 0771 1. 626 .6063 
430.0 3.40 .7?0 • 0949 l . 71~ 6 • 56 86 
430.0 3.50 .749 • 1 1 61 l. 905 .5118 
430.0 .3 . 60 • 7 ( 1 • 1423 2. 1 3 1 .49 4S 
430 .. 0 -~. 70 .7e4 • 1787 2. 53!.~ .4509 
FLOW CHOKED IN ROTOR PASS NO. 2 

RRPM RRATE ETJ\T P: PRO E VRJ\TIO 
440.0 2.90 .3B9 .0217 1 ~ 305 .8?66 
440 .. 0 3 .. 00 .4d4 • 0325 1.366 .7657 
440.0 3. 10 .560 .0446 1. 4 35 • l1l~ 1 
440.0 3.20 .6 ?.1 • 05Rf 1. 5 19 .6661 
440.0 3.30 .670 • 0 7 4t! 1. 620 .6227 
440.0 3.40 .llO • 09 32 l • 71+ 3 .5828 
440.0 3.50 • -(l. 1 • 1 14? I. 904 .~44) 
lJ.40 . 0 3.60 .767 • 1419 2.135 .5054 
440.0 3 .. 70 .7R3 • 1795 2.54f3 .. ~~ 602 
FLmv CHOKED IN ROfOR PASS NO. 2 

RRPM RRAlE ET/\T P: PROE VRATIO 
450.0 2.90 • 3.) 7 .0183 1. 29 6 .. 8560 
450 . 0 3.00 .445 .0291 l. 355 .792H 
450 .. 0 3 .. 10 .5.?9 • 0415 l . 4 2 6 .7.36S 
4 50.0 3.20 .5 97 .0558 1. 5 I 0 .68':)7 
450.0 3.30 .61)3 • 0722 1.612 .6399 
450.0 3.40 .698 . 0912 1. 7 38 • ~9/C:, 
450.0 3.50 .7:i3 • 1 1 33 1.901 .5574 
450.0 3.60 .762 • 14 12 2. 1 38 .5164 
450.0 3.70 .782 • 1 799 2.557 .4699 
FLOH CHOKED IN ROTOR PASS NO. 2. 

RRPr-1 RRATE ETAT PC PROE VRATIO 
460.0 2.'10 .2d0 .0 148 1. 2 88 .8R53 
460.0 3.00 . 401 • 0256 1.31!5 .d204 
460.0 3. 10 .496 • 0381 1. 4 1 s .7601 
460.0 3.20 .572 • 0525 1. 499 .7068 
460.0 3.30 .634 • 0694 1 .6 02 .6578 
460.0 3 .1~0 .6 84 • 0888 1. 7 3 1 .6129 
460 .. 0 3.50 .7 24 • 1 1 17 I. 89 8 • 5 7014 
460.0 3.60 .756 • 1402 2. 139 .5278 
460.0 3.70 .780 • 1804 2.572 .4790 
FLOvJ CHOKED IN ROTOR PASS NO . 2 

RRPM RRATE ETAT P: PROE VRATIO 
1' 70.0 3.0 () .. 3j2 .0219 1. 333 .850? 
470.0 3. 10 .4~9 .034') 1. 404 .78'J7 
470.0 3.20 • 5J~ ~~ • 0Jt90 1. 487 .7291 
470.0 3.30 .612 • 0661 1 .59 3 .6763 
470.0 3 .1~0 .669 .OB61 1. 722 .6289 
470. 0 3.SO .714 • 1097 j .. 8 9 3 .S839 
4- J . O 3.60 .750 • 1383 2. 1 ~6 .5)96 
470.0 3.70 .7(8 • 1805 2.581 .4886 
FLOH CHOKED IN ROTOR PASS NO. 2 
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RRPrl RRA TE ETAT PC PROE Vt{A T I 0 
4 80 .. 0 3.00 • 2q,g .01~1 1. 3? s . 8770 
480o0 .3 .. 10· .41B .. 0307 1.. 393 .. H 1 l ') 
480.0 3./0 .512 • 04S4 1. 4 7 6 .7 5i:;; 
4BO.O 3.:50 .5 d 9 • 0627 T.5fl1 .69'19 
480.0 3 .. 40 .652 • 0830 1 .. ( l 2 .6L~56 

4BO .. U :s.so .?U!J • 10 74 1. 886 .~980 

1.!80 .. 0 3.60 • 7 ~~:, • 1 374 2. 1 '36 .~'J 12 

480 .. 0 3.70 • 7 (') • 1 ao 1 2.585 .4987 
FLOW CHOKED IN ROTOR PASS NO. 2 

RRPM RRAfE ETAT PC PROE VRATIO 
490 .. 0 3 .. 10 .Yf2 • C266 l. 330 .8395 
490.0 ~.20 .478 . 0414 1. 463 .775.3 
490.0 3.30 .56.:) • 0588 1.')67 • 7 1 70 
490 .. 0 3.40 • 6 :33 • 0796 1.700 .6629 
490 .. 0 3.50 .6vO • 1 0 1~ 6 1.B-f5 • 61) 1 
490 .. 0 3.60 • -, )5 • 1 356 2. 1 3 1 .5634 
490 .. 0 3.70 0 7? 1 • 1 7 9ll 2.587 .5090 
FLOW CHOKED IN ROTOR PASS NO. 2 

RRPM RRATE E f'AT PC. PROE VRATlO 
500.0 3. I 0 • .1 ?.1 • 0224 1. 368 .8680 
500.0 3.20 .440 • 0 3 73 1 .. 451 .7992 
500.0 3.30 .5 ~5 .0547 1. 552 .7391 
500.0 3 .. 40 • 6 1 1 .0759 1. 68 ( .6 81 0 
500.0 3.50 .675 • 1 0 1 ~ 1. 864 .6282 
500.0 3.60 .726 • 1 333 2. 12 2 .5764 
500.0 3 .. 70 .767 • 1787 2.592 .5189 
FLOW CHOKED IN ROTOR PASS 010. 2 

RRPM RRJ\TE E r 1\ T P: PROE VRATIO 
510.0 3. 10 .265 • 0 181 1 .. 358 .8960 
5 10.0 3 .. 20 .:S98 • 032 ·1 1. 4 )8 • 8254 
510.0 3. ~-so .. 50.) • 0505 1.5:S8 • 7 6 11+ 
510.0 3.40 .588 • 0 71 B 1. 6 72 .. -{006 
510.0 .3.~0 • 6 ')E3 .0979 l • 8'> 1 .. 6441 
510.0 3.60 .716 • 1 .) 06 ?. • 1 1 0 -~898 
510o0 3.70 .762 • 1775 2.590 .5294 
FLOW CHOKED IN ROTOR PASS NO. 2 

RRPM RRATF. ETAT P::: PROE VRA TIO 
520.0 3.20 .351 • 0282 1. 422 .8538 
520 .. 0 3e30 .468 • 0461 1. 52 5 .7834 
520.0 .3 .. ll 0 .562 • 0674 1.654 .7214 
520.0 3.50 • 6110 .0940 1. 835 • 6611 
520.0 3.60 .7 0 5 • 1276 2 .. 097 • 60.37 
520 .. 0 3.70 .7':J7 • 1755 2.5 81 .5 407 
FLOW CHOKEO IN ROTOR P.ASS NO. 2 

RRPM RRATE ET/\T P::: PROE VI{ AT I 0 
530.0 3.20 .299 • 0235 1 0 409 .8811 
S30.0 3.30 .4 30 0 04 14 1. 5 10 .8014 
530 .. 0 ~ .. 40 .5.14 .0625 1. 634 .7438 
530 .. 0 3.50 .6?0 .. OR96 1. 8 17 .67B9 
~30 .. 0 3.60 .692 • 1241 2.081 .6183 
1:) 30 .o 3.70 .7~0 • 1 l :SO 2.565 .5527 
FLOW CHOKED IN ROTOR PASS NO. 2 

RRPi"1 RRATE ETAT P: PROE VRt\TlO 
540.0 3.20 .242 • 0185 1 .. 396 .9094 
540.0 3.30 • :)dR • 0364 l. 49 3 .83.15 
5 40 .0 3. t~O .503 • OS 79 1. 6/0 .7619 
~40.0 3.50 • 5 (17 • 0849 1. 797 .6979 
540.0 3.60 .677 • 1201 2.063 • 63 34 
540.0 3.70 .. 742 • 1 700 2.546 .5651 
FLOW CHO KED IN ROTOR P.ASS I'JO. 2 
TIME, 2 MINUTE S ANO 58 SECONDS 

ll<j 



?ROGRM!. FOR RUN b 

PROGRAi'-1 TURR HlE 
0 D I M c N S I 0 N t\ S ( ? 0 ) , D ~q ( 2 0 ) , 0 i•iO ( 2 0 ) 1 AL PHA 0 ( 2 0 ) , A R { ? 0 ) , 8 ETA 0 ( 2 0 l , 
1ZES;?(l5), ZSL{lS ): ZlR{1~;,2}, ZR(15 ,2) 1 ZE( 2) , Z(2) 
OCOMMON GAII.1, RRATf::-, RRPM, PRCSt TR, UC, BETAI, i\LPH:\I', P ROR, TS, 
1 T , P , V 1'-1 , A S , D i\i I , 0 tv1 0 9 A L PH A 0 , A R , 13 E T 1\ 0 , I f L A G , Z f: S 2 , L S ?. , 
2ZER, ZR , R, L, lE, Z , OTA, PR ,ETAT, PC, PROE, V ~~T IO,IC R ,I GR , 
..1 lil~v : CTI'~Oi /Hl 

GAM-= L. 36 
R=55.16 
ETAD= .. 70 
AD =92.1 
DAV=13 .. 0 

OREAO INPUT TAP E 3 , 1, (l\S(l),I = 1,2), CDMI(I),I = 1,2)l1 
l ( DMO (I), I= 1, 2), ( AR (I), I= l, 2), ( ZE S2 (I), I= 1, 15), 
2 ( l S2 ( I ) , I= 1 ~ 15), ( ( ZER (I, L), I= 1 7 1 5), L= 1, 2), ( ( Z R ( I, L), I= 1, 1 S), L= 1., 2 ) 

REA O I NPUT TAPE 3, 654, (ALPHAO(I),I = 1,2), (BETAO(I),I=li2) 
1 FOR MAT ( 16F5.0) 

654 FOR MAT (4F8.0} 
20 FORMAT (5HiRRPM 7 6X,5HRRATE14 X,4HETAT,4X,2HPC,6X,4HPROE ,6X, 

16HVRATI0) 
DO 400 J = 240,540, 10 
RRPi'-1 = J 
WRITE OUTPUT TAPE 4,2 
DO 300 K = 370,430 
B = K 
RRATE = BIIOO . 
TS=1. 
PROR=l. 
lE( 1) = .2050 
l ( ' ) = • 24 75 
ALPHA! = - .74175 
DO 200 L=l,2 . 
CALL STATOR 
IF( ICR) 18, 18.,.:500 

18 IF(Ifl/\G) 20,20,900 
20 CALL ROTOR 

IF( IBR) 19,19,300 
19 IF( IFLAG) 200,20 0,800 

200 CONTINUI:-
CALL DIFFU 
WRITE OU TPUT TAPE 4,3, RRPM 1 RRATE,ETAT, PC, PROE, VRATIO 

3 FORP-1AT tF6.l, F } .2, F8.3, F'7 .. 4, F9.3 1 F11.4) 
300 CONTINUE: 
900 WRITE OUTPUT TAPE 4,10,L 

10 FORMAT (31H FLO~ CH OKED IN STATOR PASS N0 .[2) 
GO TO 400 

800 WRITE OUTPUT TAPE 4, 11,L 
11 FORMAT (30H FLO~ CHOKED IN ROTOR PAS S NO.I2) 

400 CONTINUE 
END FILE 1.4 
END 
FUNCTION EXP3 (GAM) 
EXP3 = (GAM -1. ) I GAM 
RETURN 
END 
FUNCTION EX P4 (GAM) 
EXP4 =GAM I CGAM-1.) 
RETURN 
END 
FUN CT ION C 1 { R ) 
C1 = SQRTF (R I 32.174) 
RtTURN 
E:NO 
FUNCTION C2 (R ,G AM) 
C2 = SQRTF (64.348 * R *GAM I (GAM - 1.)) 
RI:T URN 
Ef\l D 
FUNCTION C3 (R ,GAM) 
C 3 = 1 • I ( 6 4 • 3 4 8 * R * G AM I ( G A t-1- 1 • ) ) * 1 • E 4 
RETURN 
END 
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SUGR OU TI NE ST ATO R 
OOI NE r~SION AS(20 }, mH (20 ), OH 0(2 0), ,I\LPHA0 ( 20l:AR{20), BET A0(20), 
ll E S 2 ( l ~ ) , l S 2 ( 1 S ) , Z ·E R ( 1 S 7 2 ) , l R { I 5 , 2 ) , Z E ( 2 ) , 1 ( 2 i 
OCO Mi ... ON GA ~1 , RRA ff: , RRP r·1, PI{ OS, TR, UO , BETA!, ALPHA £, PROR, TS v 
1 T ., P , V M, AS , 0 t--\ I , 0 M 0, ALPHA 0, A R , BET A 0, I FLAG , Z E S 2 , l S 2 , 
2l E R , Z R , R , L , Z E , l , 0 T ll. 1 P R , E T A f , PC , P R 0 E , V K A T I 0 , I C 1?. , I 8 R , 
3DAV ., ETAD, AD 

I CR = 0 .. 
OTA =RR AT E I PROR ·:t- Cl(R) I AS(L) * SQRTF (TS) 
Bl = ( l.221f3- ALPH A!) I .17453 + 1. 
JB = 1-\1 
BB = JH 
OIFF = H1 - !3R 
ZE(/) = (lES2CJR + 1) - ZES2(J8)) * OIFF + ZES2(JB) 
Z(:Z) = (ZS2(JB + I) - ZS2(J8)) * DIFF + ZS2(JB) 
CALL RATIO 
IF ( IFL/\G) 30, 30, .~1 

30 P = PROR I PR 
TIS = PR ** EXP~(GAM) 
OT I S= (TIS- 1.) I TIS 
OTISO = UTIS * fS 
DTO = DTISO * ( 1. - Z(L)) 
T = TS - DTO 
V =C2(R,G AM)*SORTF (OTO) 
UI = .0043 633 * RRPM * DMI(L) 
UO = .0043633 * RRP M * OMO(L) 
VU = V * SINF(ALPHAO(L)) 
VM = V * COSF(ALPHAO(L)) 
wU = VU - Ul 
W = SQ RTF (VM * VM + WU •WU) 
DTR = C3 (R , GAM)•(W*W+UO•UO-UI•UI) •l.E-4 
TR = T + OTR 
P R S 0 = ( 1 .. + 0 T rt I T ) * * E X P 4 ( G A f-1 ) 
PROS = PRSO * P 
BETAI = ATANF (WU I VM) 
IF ( 1.221 -(3 - ABSF(BETAI) )321 ,31 ,31 

32 1 ICR = 1 
31 RETURN. 

END 
SUBROUTINE ROTOR 

OOIMENS I ON AS(20), 0Mf(20), OM0(20), ALPHA0 (20 ) 7 AR(20), HETA0(20), 
1ZES2( 15), ZS2( 1~)? ZER( 15 , 2), ZR( 15,2) ,Z E( 2 ) , ZC2 ) 
OCOMMON GAM, RRA Tt, RRPM, PR OS, TR, UO, BETAI , ALPHA I , PROR, TS, 
lT, P, ViJI, AS, OMI, DMO, ALPHAO, AR, BETAO, !FLAG, ZES2, ZS2, 
2ZER, ZR, R, L, ZE, Z , OTA, PR ,ETAT, PC, PROE, VHAfiO,ICR,IB~, 
30AV , ETAO, AD 

IRR = 0 
OTA = RRATE I PROS* C1(R) I AR(L) * SQRTF (TR) 
Bl = ( 1.22173- E\ETAI) I .11453 + 1. 
JB = e 1 
BR = JB 
0 IFF = B 1 - BR 
ZE (L) = (LER((JB + 1),L)- ZER(JR,L)) ~- OIFF + ZER(JB,L) 
l( L) = ·( ZR((JR + 1),L) - ZR(JR,L)) * DIFF + ZK(J 8 ,L) 
CALL RA r 10 
IF { IFLAG) 40., 40,41 

40 P = PROS I PR 
TIS = PR** EXP 3(GAM) 
OTIS = (TIS- 1 .. ) I TIS 
OTISO = OTIS * TR 
OT 0 = 0 T I SO * ( 1 • - Z ( L) ) 
T = TR - oro 
W = C2(R,GAM)*SWRTF (DTO) 
WU = W * SI NF (RETAO(L)) 
VM = W * COSF (BETAO(L)) 
VU = viU + UO 
V = SQRTF (VM * VM + VU * VU) 
DTS = C3(R,GAM) * V*V*1.E-4 
TS = T + OTS 
PRRO = ( 1. ~ OTS IT) ** EXP4(GAM) 
PRO R = PRRO * P 
ALPH A! = ATANF (VU I VM) 
IF ( 1 • 2 2 1 7 3 - A R SF ( 1\ L P HA I ) ) 3 2 2, 4 1 , 4 1 

322 I RR = 1 
41 RfTURN 

END 
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SU BROUTIN E DIFFLJ 
0 0 I M E i\J S I 0 N A S { 2 0 ) , 0 M I ( 2 0 ) , D i-1 0 ( ? 0 ) , A l PH A 0 ( ~ 0 ) , A R ( 2 0 ) , B E T 1\ 0 ( ~ 0 l , 
JZE: S2( 15 >, ZS2( 1~), Zt-R(1 5 ,2l, ZR( 15 ,2) ,Z E(2l, l (2) 

OCO Mivl ON GA M, RRAfE, RRP i"i , PRO S, T R 1 UO , BI:: TA I , ALPH A[ , PROR, TS, 
1 T , P , V M , A S , 0 i'i I , 0 M 0 , 1\ L PH A 0 , A R , 8 E T 1\ 0 , I F L A G , Z E S 2 , Z S 2 r 
2ZtR, ZR, R, L, LE, Z , OT A, PR ,ETAT, PC, PROE, VRATIO,ICR,IBR, 
.30/\V , ETAO, l\0 
~TADA = ETAO * COSF (ALPHA!) ••2. 
DTW = 1. - TS 
~C ~ ~R~ f ~ 7 ~ a l~ ! 89~ ' \~~ ~~~ l~) 
VO = RRATE * R I AD * T I P 
OTD = C3(R,GAM) * ETAOA * (VM * VM - VD * VOl •1.E-4 
PRE = ( 1. + OTO I Tl ** EXP4(GAM) 
PREO = PRE * P 
PRO!: = 1. I PREO 
OTT = 1. - PREO ** FXP3(GAM) 
ETAT = OTW I DTI 
VR ATIO = .0043633 I C2(R,GAM) * RRPM•OAV I SQRTF (OTT> 
RETURN 
END 
SUBROUTINE RATIO 

ODIM~NSION J\5(20), DM1(20), DM0(20), J\LPHA0(20l,AR(20), BETA0(20), 
1ZES2(15), ZS2(15), ZER(15,2), ZR(15,2) ,ZE(2), Z(2) 
0 C 0 ."1 t-1 0 N GAt>'\ , R R A T E , R R P M , P R 0 S , T R , U 0 , B E: T A I , A L PH A I , P R C R , T S , 
1 T , P , V ~1 , A S , 0 f·~ I , 0 M 0 , A L P H A 0 , A R , B E T A 0 , I F L A G , Z E S 2 , Z S 2 , 
2ZE:R, ZR, R, L, IE, l , OTA, PR ,ETAT, PC, PROE, VK ATIO,ICR,IBR, 
jOAV , ETAO, AD 

IFL1-\G = 0 
EN= GA M I (1. + ZE(L) *(GAM- 1.)) 
EXP1 = 2./EN 
t:XP2 = {l:f\+1.) /E N 
EXP5 = EN/(EN-1.) 
PRC =((EN+ 1.) /2.)** EXP5 
OUNM = I. I (PRC**EXP1) 
DUGM = l.I ( PRC**EXP2) 
OTM = SQRTF (2.•GAM/(GAM-1.) •(0UNM-DUG M)) 
IF (QTA-OTM)60,61,61 

60 A = 1. - 3.•(GAM- 1.)/GAM• 1./(EN-1.) * OTA **2. 
!F(A) 52,5:5,51 

51 A = SQRTF(A) 
GO TO 53 

52 1\ = 0. 
53 PRA = 1./(1.- f.:-N/3. * (1. -A)) 

IF (PRA - PRC) 62,6~,63 
63 PRA = PRA - ~ OS 
62 DUN = 1./(PRA ** EXP1) 

DUG = 1./(PRA ** EXP2) 
OT = SQRTF (2.*GAM /(GAM- 1.) * (DUN- DUG)) 
IF (OT - OTJ\)64,65,68 

65 PR = PRA 
ReTURN 

64 DO 66 I = 1,500 
PRA = PRA + . 0 001 
DUN = 1. I {PRA ** EXP1) 
DUG = 1. I (P RJ\ ** EXP2 ) 
Of~ SQR TF ( A BS~ (2. *GAM I (G~M- 1.) * (DUN- DUG))) 
IF <OT-OTA)66,65,67 

66 CONfiNUl: 
67 PR = PRA 

RETURN 
68 DO 69 I = 1,50 0 

PRA = PRA- .00 0 1 
DUN= 1 .. /(PRA**EXP 1) 
DUG= 1./ ( PRA ** EXP2) 
OT = SQRTF (ABSF (2. *GAM I (GAM - 1.) * (DUN- DUG))) 
IF (QT-OTA) 70,65,69 

69 CO NTI NUE 
70 PR = PRA 

RETURN 
61 I FLAG = 1 

El'-lD 
END 
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RRPiv' RRt\TE 
240 .. 0 .:5.. 70 
240.0 3 .. ( 1 
240.0 3 .. 72 
240 .. 0 3 .. 7:5 
240.0 3 .. 74 
2LQ .. O 3of5 
~46 .. o ~ .. fa. 
240.0 3.77 
240 .. 0 ::) .. 78 
240 .. 0 3.79 
240.0 3.80 
240.0 3.e1 
2 40.0 3 .. <-12 
240.0 3.83 
240.0 3.84 
240.0 3.85 
240.0 3 .. 86 
240 .. 0 3.37 
240.o 3.es 
FLOW CHOKED IN 

RRPt-1 RRATE 
250.0 3.(0 
250 .. 0 3.71 
250.0 :5.72 
250 .. 0 3.73 
250.0 3.74 
250 .. 0 3 .. 75 
250.0 ~.76 
250.0 3.77 
250.0 3.78 
250 .. 0 _) .. 79 
250.0 3.HO 
250.0 3 .. Hl 
250 .. 0 3.82 
250..0 ::S .. H3 
250 .. 0 3.84 
250.0 3.85 
250.0 3.86 
250.0 3.8'7 
FLOW CHOKED IN 

RRPM RRATE 
260 .. 0 3.70 
260.0 3.71 
260.0 3.72 
260.0 3.(3 
260.0 3.74 
260.0 3 .. 75 
260.0 3 .. 76 
260.0 3.77 
260 .. 0 3.78 
260 .. 0 3.79 
260.0 3.80 
260.0 3.81 
260 .. 0 3.82 
260.0 3 .. 83 
260.0 3. 8li 
260 .. 0 3.85 
260 .. 0 .:S.B6 
FLOvJ CHOKED IN 

RESU:,TS OF RUI'J 6 

E T l\ T P~ 
• 7 0 2 '" 1 :) 06 
.700 .1324 
.698 • 134) 
• 6 :;6 0 1 :562 
.. 6Y4 • l5B2 

:g0~ ;i~~~ 
.6d6 • 1446 
• 6 84 • llJ 68 
.6HO .. 1492 
.. 677 • 151a 
• 674 • l S44 
.670 0 1 ')73 
.665 .160:5 
.. 660 .1636 
.. 61)4 • 1673 
• 6J• 8 • 1 l1.:S 
• 6:5 9 • I 7 62 
.612 .1861 

ROTOR PASS NO. 2 

ETA T P~ 
.. 711 .1341 
• 709 • 1.:567 
.707 • 1387 
• 7(Ji+ • 1407 
.702 .l42:l 
.. ?CO .1451 
.. 6')7 .1474 
.. 694 • 1493 
• 6 9 1 .. 1 5 22 
.688 • 154B 
.. 6c5 • 1576 
• 6 fj l • 1605 
• 6 7 ( • ) 636 
.. 672 • 1671 
.666 • 1703 
• 6 59 • 1l50 
• 650 • 1800 
• 62 IJ • 1 90 I 

ROTOR PASS 1\JO. 2 

EfAT P: 
.718 • 1 ~87 
.716 • 1408 
• 7 14 • 1 !~ 29 
.712 • 1452 
• 710 • 14 74 
.707 • 1498 
• 70!~ • 1523 
.701 • 154') 
.6)8 • 15 -r6 
.6-JS • 1604 
.6'71 • l 635 
.687 .. 1667 
.6 A2 • 1702 
.676 0 l 741 
.670 • 17 84 
.661 • 18 36 
.636 • 19 37 

ROTOR PASS NO. 2 
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PI-ZOE 
2 .. 096 
2.1?0 
2.145 
?. 17 2 
2.200 
2o2:5i a .. ~EJ~ 
2 .. 299 
2.3:S6 
2.377 
2.422 
2 .. 4/ 2 
2 .. 527 
2.591 
2.664 
2.751 
2 .. 856 
2.999 
3.414 

PROE 
2.130 
2 .. l S6 
2.184 
2.213 
2. 21t4 
?.277 
2.313 
2.351 
2.:593 
2.4:59 
2.4a9 
2.544 
2.608 
2.6 83 
2.771 
2.880 
3.024 
3.432 

PROE 
2.163 
2. 19 l 
2.221 
2 .. 253 
2.2(37 
2.323 
2._362 
2.405 
2.452 
2.503 
2.560 
2.625 
2.700 
2.790 
2.900 
3.047 
3.447 

VfUx T I 0 
.. 2788 
.. 2 7 6~ 
• 2 7 L~ 9 
.2/29 
.2.708 
.2AR ~ 
sfdOb ·, 
.2644 
.2 6 21 
.L~9R 
.2573 
.2547 
.2520 

•0 2 4 91 
.2460 
.2425 
• 2387 
.2 34 1 
.2232 

VRATIO 
.2875 
.2855 
• 2 83!~ 
.2812 
.2 790 
.276R 
.2745 
.?72 1 
.2696 
.2671 
.. 2645 
.26 17 
.25(37 
.2554 
.2518 
.2478 
.2430 
.2320 

VRATIO 
.2963 
.2941 
.2919 
.2896 
.2872 
.2£348 
.2823 
.2797 
.2770 
.2743 
.2713 
• 268? 
.2649 
.?.611 
.2570 
.2520 
.2410 



RR Pf-1 RR 1\ Tt: 1:: r A r P::: PROF VR/\TIO 
270 .. 0 -s. ( 0 . .726 • ll~ 25 2. 19LJ- • .)052 
?70.0 3 .. 71 .7?.4 • 11~4 7 2.225 .3028 
270·. 0 3.72 o7?2 • 14 70 2.?.':>7 • .) 0 Qll 
2 -f OoO 3.7:) .719 • l 4 9l~ 2. 291 .2980 
270o0 -~ 0 7 4 .. 717 0 l 5 13 2 .. .:528 .. ?954 
270.0 3 .. 75 • 7 l >+ • l ')41.~ ?.368 .2 928 
270.0 3.76 • 7 1 2 • P>71 ?. • 4 1 1 .2901 
270o0 3 .. rr o70B .. I S99 2.Ii58 .?B7.) 
~~8:8 ~8~~ o~Oi 

• 1 ,. j r:i 
5:~6~ 

.Z/Qhlr 
Jo • ·u : 1 8cso :281~ 

270.0 3oBO .697 • 1693 2o634 .2l81 
270. 0 3o81 .693 • 1729 2.710 .2746 
270.0 .:S .. d2 .6d7 • 1 7 69 2.800 .270R 
270 .. 0 3 .. 83 .680 • 1 e F• 2.9.i2 .2 664 
270o0 3.84 .671 • 1867 :So06l .2613 
?70.0 3.8:> • 61+ 7 • 19 71 3.462 .2499 
FLm.J CHOKED IN ROTOR PASS NO. 2 

RRPM RRJ\TE EfAT r:: PROE VRATIO 
2 ~ r. . .. 0 3.!0 .7 33 • 1461 2.224 .3141 
~- . ... 0 3. (1 .7:)1 • 1485 2o2l)6 • .) 1 1 6 
280o0 3.72 o729 • 1509 2.291 .. :)090 
280o0 3.73 .726 • 1534 2 .. ::5?8 .3064 
280.0 3.74 .724 • 156] 2.368 .3037 
280.0 3.75 • 72 1 • 1 5 8C3 2.411 • .:S009 
280.0 3.{6 .11e • 1617 2.458 .2980 
2e0.0 3 .. 77 .715 • 1 61~ 7 2. 51 1 • 2949 
280.0 3.78 .712 • 16 79 2.568 • ?9 F{ 
280.0 3.79 .7C8 • 171.3 2.634 • 28.14 
280o0 3. EW .70 3 • 1750 2 .. 710 .28 48 
280o0 3.81 .698 • 1791 2.799 .2809 
280.0 3.82 .6)1 • i ~36 2.909 .2764 
280.0 3.B.3 .6 83 • l B90 3.054 • 271 ;:> 
280 .. 0 3.84 .657 • 2001 3.470 .2589 
FLO W CHOKED IN ROTOR PASS NO. 2 

RRPM RRAfE ElAT p: PROE VRATIO 
290.0 3.70 .l.:S9 • 1496 2.255 .3228 
290.0 3. 7 1 .l37 • 1521 ?..289 .3202 
290 .. 0 3.72 .73~ • 1546 2.3? 5 • 3 1 -(6 
290.0 ?1.7.:) .7:J.:S .157.5 2.364 • .:> 14.q 
290.0 3.74 .7 30 • 1601 2.407 .31 19 
290o0 3.71) • 7?8 • 16 30 2.4')4 .3089 
290o0 3o76 .725 • 1661 2.505 • .:)058 
290 .. 0 3. Tf • 7? 1 • 1694 2.562 .3025 
290.0 3.78 .7 18 • 1728 2.626 .2991 
290.0 3o79 • 7 LS • 1766 2.700 .2954 
290.0 3.80 .7 08 • 1 H07 2.787 • ? 9 11~ 
290.0 .:S.81 .702 . 1853 2.893 .2869 
290.0 3.82 .695 • 1906 3.029 .2B17 
290.0 3.~3 .680 • 1982 3.269 .2738 
FLOW CHOKED IN RO TOft PASS NO. 2 

RRPf~ RRJ\TE ETAT P::: PROE VRJ\TIO 
300.0 3.70 .745 .. 1530 2.284 • .1316 
300o0 3.71 .743 • 1556 2.320 • .:S 28R 
300 .. 0 3.72 .741 • 1583 2--~59 • .:>260 
300 .. 0 3o73 .7 39 • 16 11 2.401 .. 3?30 .:soo .. o 3.74 • 736 • 1641 2. 41+ 7 • .:S?.OO 
300.0 -~. 75 0 7.13 • 16 72 2 .1~98 .3168 
300.0 3o76 0 7 -~0 • 1705 2.553 .3135 
.:SOO .. O 3.77 .727 • 1740 2.616 .:)100 
3r;O oO 3.78 .723 • 1777 2.687 .306) 
.:,0 0 .. 0 3.79 .71f3 • 1 813 2.771 .3022 
.:SOO.O 3.BO .713 .. 1864 2.871 .2977 
300.0 3o81 .706 • 19:6 2.998 .2926 
300.0 3.82 .696 • 1980 3. 17 6 .2862 
300 .. 0 3.e3 .676 .2081 .:S.5 4 2 .2755 
FLO\~ CHOKED I N ROTOR PASS NO. 2 
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RRPM RRATE ETAf PC PROE VP,AfiO 
3l0o0 3.70 • { ~ 1 • 1 560 2.310 • .)406 
310.0 3. 71 .749 • 15R8 2 .. )I' 9 • 3 316 
.310o0 3 .. 72 0 71! 7 • 1 6 17 2 .. -~9 l .3 :Sl~5 
310 .. 0 3.73 .. 7 41~ .. 16117 ?. .. 4~6 .:;~ 14 
3 10 .. 0 .:S.. 74 0 71~2 0 16 79 2.4e6 . 3281 
.:S lO .O 3.75 .7.59 .. 1712 2o54 l • 32l! -r 
.:S10.0 3.76 .7!JS • 17 47 2.602 • .5211 
.:SJO.O 3.77 • 7_)2 • 1/85 2.672 .::51/~ 
310.0 3.78 .728 .. 1826 2.7S 2 • .:S 1 3/ 
3'g g ~. 7(~ .l~~ 2 ~ 18 72 ?.8,h8 -~0~7. _, l : . 

~·. 00 • . I {, • 1 <i2!~ ~ .. '?(!~ • ~0 '..17 
310 .. 0 3. in .708 • 1983 3o ! 2 v ,_C/77 .'L . 
.510.0 3.82 .6 8.6 .2095 3.512 • 2RSS 
FLOW CHOKED IN ROTOR P/\SS NO .. 2 

RRPM RRATE ET/\T PC PROE VRATIO 
320.0 3.70 .756 • 1589 2.335 .3496 
320.0 3.71 • 7~4 • 16 1 R 2 • .:S76 .::5465 
320.0 .3. 7?. • 1 'j 2 • 1649 2.420 . 3432 
320.0 3.73 .7SO • 1680 2.468 • 3 .)99 
320.0 3.74 .747 • 1714 2.522 • 3.:S63 
320 .. 0 3.75 .744 • 1750 2.se2 • 3 .:S 2 7 
320.0 3.76 .741 • 17 87 2 .. 648 • .:S28R 
320.0 3.77 .7.:)7 • 1829 2.726 .3246 
320.0 3.78 • 732 • 1 8 74. 2.817 . • .:S2 0 1 
320.0 3.79 .726 • 1924 ?..926 .:~1S1 
320.0 3.80 • 719 • 19 82 3 .. 069 .309.3 
320 .. 0 3.Ul .704 • 2072 3.341 .299R 
FLOW CHOKED IN ROTOR PASS I'JO. 2 

RRPM RR/\TE ETAT P: PROE VRATIO 
330.0 3.70 .761 • 1616 2.359 .3586 
330.0 3.71 .7S9 • 1647 2.402 .3553 
3:SO.O 3.72 .757 • 16 79 2 .. 449 • .)':) 19 
3::50.0 3.7!J .755 • 1 7 12 2.4?9 • 34 8!~ 
330.0 3. 74 .7S2 • i 7M3 2.557 .3446 
330.0 3.75 .749 • i 786 2.621 .. _)!.~ 0 7 
330.0 3.76 • 745 • 1826 2.693 .3360 
330.0 3 .. 77 • 7l.+ 1 • 1871 2.778 .332 1 
330.0 3.78 .7.:56 • 1919 2.879 .!>?.72 
330.0 3.79 .7!>0 • 1975 3.005 • .:5?.16 
.:>30.0 3.80 .7?.1 • 2042 3. 1 a 1 • .:S147 
330.0 3.81 .703 • 2 151 3.5 4 2 .3031 
FLOW CHOKED IN ROTOR PA SS NO. 2 

RRPM RR.t\TE ETAT P: PROE VRATIO 
340.0 3 .. 70 .765 • 1642 2 .. 382 .3676 
340.0 3. 71 .76!> • 16 74 2.428 .3641 
340.0 3.72 • 7 61 • 1708 2.477 .3605 
340.0 3.73 • 7 l-)9 • 1743 2.530 .3':>68 
.:$40.0 3.74 .7 S6 • 1781 2.591 .3529 
340.0 3.75 .7':J3 • 1821 2.659 .. 3487 
340.0 3.76 . 7':JO • 1 B63 2. 7 .17 .3443 
340.0 3.77 .745 • 1 912 2.831 • .:5394 
340 .. 0 3.78 0 7l~ 0 • 1965 2.9 45 .3340 
340 .. 0 3.79 .733 .. 2028 3.094 .3276 
340.0 3.80 .715 • 21 !>7 3.428 • .:S157 
FLO\-/ CHOKED IN ROTOR PA SS NO . 2 

RRPM RRATE ETAT PC PROE VRATIO 
350 .0 3.i'O .769 • 1665 2.402 • 3768 
350.0 3.71 .768 • 1699 2.450 .3 -{31 
350 .. 0 3. 7? .766 • 1734 2 .. 502 .3693 
3 50 .0 3.7!> .763 • 1771 2.559 .3654 
350 .. 0 3 .. 74 • 761 • 1 1:112 2.625 • 36 1 1 
350 .. 0 3.75 .758 .1 854 2.697 .. 3567 
350.0 3.76 • 754 • 19 00 2o78?. .3520 
350.0 3.77 • 749 • :952 ? .. 88 5 • .:5467 
350 .. 0 3.78 .743 -20 10 ..).01 3 .3407 
350.0 3./9 .735 • 2081 !> .. 1R9 .3335 
350.0 3o80 .717 .2196 3.556 .3210 
f-L OW CHO KED !N ROTOR PASS NO. 2 

125 



RRPi•\ RRt, TE ET/\T P: PROE VRAT10 
360 ... 0 3~f0 .773 .. 16 86 2 .. Lt2 1 • .:S861 
360.0 .:S 0 7 1 . • 772 .. I 722 2.470 .3822 
360 .. 0 3.72 .770 • 1 (5'1 2.525 • .:S r B? 
.)60.0 3.7_-5 .76l • 1793 2.585 .3740 
360.0 3 .. 74 .765 • 1840 2.654 • -~6?6 
.:$60.0 3.1':; .762 .. 1 88S 2.732 .361~9 
:560.0 3.76 .?SB • 1934 2.823 .359H 
.)60.0 3. ( 7 • 7 S?) • 1 990 2.9_)7 • 3'j 40 
360.0 3.78 • 7 ·1! 7 • 2055 3.083 • 54 7 ~~ 
360.0 3 .. 79 .754 • 2 150 3.31~4 • 3 3 72 
FLtH·J C. F1P.IH~Q IN ROTOR Pt'\~S NO: 2 

RRPM RRATE tfAf PC PROE VRI\TIO 
370.0 3.70 .717 .. 1/ 05 2.438 • 3954 
::570 .. 0 3.71 .7 75 • 17 42 2.4R9 .3914 
.:S 70.0 3.72 .7{3 • 11 a 1 2.545 .3f~l?_ 
370.0 3.73 • 7 r 1 • 1822 2.608 .3B28 
370.0 3. 7 L~ • 177 • 186 7 2.682 ·• 1 R 12 
370.0 3.75 .765 • l 914 2.766 .3730 
370 .. 0 3.76 .762 • i 967 2.865 .3676 
.570 .. 0 3.77 .756 .2027 2.990 • .56 L) 
370.0 3.78 • 71~9 • 209~ 3. 1 57 • .:S5 .3B 
370.0 3.{9 .730 • 2232 3.559 .3393 
FLOW CHOKED IN ROTOR PASS NO. 2 

RRPt-1 RRATE EfAT P:: PROE VRATIO 
380.0 3.70 .7f9 • 1722 2.453 .40 4H 
380.0 3.71 .7/8 • 17 61 2.507 .4006 
.3RO.O 3.72 .776 • 1 BO 1 2.566 .3962 
380.0 3.73 .7(4 • 1844 2.631 .3916 
380.0 3. -r4 .7(2 • 1891 2.707 .5867 
380 .. 0 3.75 .769 • 1941 2.796 .3814 
380.0 .3. 76 .76b • 1997 2.901 .3756 
380.0 3.77 .760 • 2062 3.038 .3687 
380o0 3.78 .7'J2 .2143 3.232 .360~ 
380.0 3.79 .7.:S2 • 2283 3.668 .3450 
FLOW CHOKED IN ROTOR PASS NO. 2 

RRPM RRATE ETAT PC: PROE VRAfiO 
390 .. 0 3.70 .7 81 • 17.37 2.470 .4 Pfl 
.:S90 .. 0 3.l1 .teo • I 778 2.525 .4097 
390 .. 0 3.72 .779 • 1820 ~ .. 585 .4052 
590.0 3.73 .. 777 • 1864 2 .. 6S2 .4005 
390 .. 0 3.74 .77'J • 1 9 12 2.731 .3953 
390.0 3.75 .712 • 1966 2.8/5 .3 897 
390.0 5.76 .768 .2026 2.939 .3834 
390.0 3.77 .763 • 2096 3.089 • .)760 
390.0 :S.78 .752 • 219~ 3.:-::551 .3650 
FLOW CHOKED IN ROTOR PASS NO. 2 

RRPM RRATE ETAT P: PROE VRATIO 
400.0 3.70 .7 B2 • 1752 2.486 .4233 
400 .0 3.71 .7d2 • 1 794 2.544 .. 4187 
400 .. 0 3.72 • 7 8 I • 1838 2.608 • L~ 139 
400.0 3.73 .779 • 1885 2.679 .4089 
400.0 3.74 .777 • 19 37 2.763 .4034 
400.0 3.75 .775 • 1994 2.862 .397S 
400.0 3.76 .771 • 2057 2.984 • 5909 
400.0 3.77 .76'J .2133 3. 149 .3829 
400.0 .:S.78 .747 • 2281 3.568 .3665 
FLOW CHOKED IN ROTOR PASS NO. 2 

RRPt-1 RRATE ETAT P: PROE VRATLO 
410.0 3.70 .. 783 • 1 764 2.501 .4327 
410.0 3 0 { 1 .783 • 1808 2.560 • i.~/.79 
410 .. 0 3.72 .782 • 1 es4 2.626 .4229 
410.0 3.73 • 78 l .. 1903 2.701 .4176 
410.0 3.74 . 77 9 • 1958 2.79 1 • 4 1 1 7 
!. 1 0. 0 3.75 .776 .201R 2 • .897 • 4054 lJ,:o .o 3.76 .773 .20 87 3.030 • 3982 
4 10. 0 3.77 .766 • 21 73 3.222 .3892 
410 .. 0 3.78 .751 • 23 11 3. 6 1 1 ._57L~2 
FLO~~ CHOKED IN ROTOR PASS NO. 2 
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.RPi'l RR;\ :· E 
420.0 3 .. 10 
4 2 -~ . 0 :, .. 7 1 
420 .. 0 3.72 
1~20 " 0 3.73 
420 .. 0 3 .. 74 
420.0 3.75 
420.0 3.76 
420.0 3. 77 
FLOl.J CHOKED IN 

RRPM RRJ\TE 
430.0 3.70 
430o0 3. { 1 
430.0 3.12 
430.0 3.73 
430.0 3 .. l4 
430.0 3.75 
430 .. 0 3.76 
430.0 3.77 
FLOW CHOKED IN 

RRPt~ R~t\TE 
440.0 3.70 
440.0 3. ( 1 
440.0 3 .. 72 
440.0 3 .. 7.) 
440.0 3.14 
440.0 3.75 
440.0 3.76 
440.0 3.77 
FLOW CHOKED IN 

RRPM RRATE 
450 .. 0 3.70 
450o0 3.71 
450.0 3.72 
450.0 3.73 
450.0 3.74 
450.0 3 .. 75 
450.0 3.76 
FLOW CHOKED IN 

RRPM RRATE 
460.0 3.70 
460.0 3.71 
460 .. 0 .3.72 
460.0 3.73 
460.0 3.(4 
460 .0 3.75 
46 0 .. 0 3.76 
FLOW CHOKED IN 

RRPH RRATE 
4 70 .0 3.70 
470.0 ~.71 
470.0 3. 72 
4 70.0 3 .. 73 
470 .. 0 3. 71..~ 
470.0 3.75 
470.0 3.16 
FLOW CHOKED IN 

ETAT P: 
.7d4 • 1775 
.7H4 .. :8 20 
.. leiS .. 1 2> 67 
.1e2 • J 91 g 
• 7 B 1 • 19 76 
.7te .. 2 04:) 
~7f4 • 2 1 14 
.7b7 .?212 

ROlOR PASS NO. 

E r t\ T P: 
.7d4 • 1787 
.7 d4 • 18.:S4 
.7 134 • 1 8 f3 4 
.7B3 • 19 .:So 
.. 7 ti 1 .. 1998 
.779 • /065 
.. 7 (5 • 2144 
.763 • 2290 

ROTOR PASS NO. 

ETAT PC 
.783 • 1795 
.. 7 8 .3 • J Cl45 
.7 £3 4 • 1897 
• 7 8.) . l 9 51+ 
.7 B2 .2019 
.7 d0 • ? 091 
.776 • 2 1 88 
.763 .2334 

ROTOR PASS NO. 

E T t~ T PC 
• 7 8 2 • 1 7 99 
.7 8.:S • 1851 
.783 .1906 
.7 8:5 .1966 
.7d2 .2035 
.7d0 .2114 
.776 .2212 

2 

2 

2 

ROTOR PASS NO. 2 

E T J\ T P: 
• 7 no • 1804 
. 7d1 .1 ssq 
.7 82 .1 915 
• 7 8 ~ • 19 78 
.7d2 .?.049 
.781 .2131 
.776 .2243 

ROTOR PASS NO. 2 

ETAT PC 
.778 • l 805 
.779 • 1861 
.7 E3 1 • 19 21 
.782 • 198~ 
.7o1 • 2065 
.7RO • ? 155 
.. 770 • ? ~42 

ROTOR PASS NO. 2 
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PROE 
/.516 
2 .. S76 
2.642 
2. 72 0 
2. 8 1 1+ 
2.928 
3.073 
3.296 

PROE 
2. 5 5 1~ 
2.598 
2.668 
2 .. 750 
2.849 
2.96-{ 
3. 124 
3.493 

PROE 
2 .. 548 
2 .. 615 
2 .. 690 
2.776 
2.882 
3.0 13 
3.193 
3.593 

PROE 
2.557 
2.6?7 
2.705 
2.796 
2.909 
3.0')1 
3o257 

PROE 
2.572 
2.64.:S 
2.7/3 
2.817 
2.934 
3.083 
3.321 

PROl: 
2.581 
/..655 
2.739 
2.840 
2.965 
3. 1 3 1 
3.5 8 0 

VRATIO 
.. 44/0 
.4:571 
• 1~ ~ 20 
.4265 
.420) 
• 4 1 ss 
.405 F3 
.3954 

VRATIO 
• I~ 5 09 
. 4458 
• 41104 
.4346 
.423?. 
• 42 ll 
.4128 
• .:S968 

VR/\TIO 
.. 4602 
.4548 
.4490 
• 4 !~ 2 9 
.4360 
.4283 
.4190 
.4022 

VRATIO 
.• ~~ 699 
• 46J~ i 
• 4 581 
.4516 
• 441..~2 
.4359 
.4255 

VRATIO 
.4 79 0 
.47.3 1 
• Li669 
.460? 
.4525 
.44.)9 
.. 4.) 19 

VRATIO 
.4886 
.4824 
.4758 
.4686 
.4604 
.4508 
.4301 



RRPt_, RRATE ETAT p: PRO E VRt\TIO 
480 .. 0 3 .. 70 • { 75 • 1 801 2.5RS .. 1~ 987 
1.~ 80 .. 0 3. (1 ./77 • 1857 2.601 .4?22 
480 .. 0 3 .. 72 .779 .. 1922 2.748 .485? 
480.0 3.73 0 7 f3 0 • 199"3 2.B 53 .I+ 776 
480 .. 0 :1.74 ., 7 B 1 • 2074 2.987 .4689 
480.0 3 .. 75 .779 .217:S -~ .. 169 • 4 5()1~ 
480. 0 3.76 • 7 11 • 2352 3.592 .43o8 
FLm-J CHOKED I ~J ROTOR P/\SS NO. 2 

RRPM RRATE ETAT pr PROE VRATIO 
490.0 3 .. 70 • 7 { 1 - 1794 2 .. 587 .. S090 
490.0 3.71 .7/4 .185:S 2.603 • 50?-~ 
490 .. 0 3. 12 • -r rr .19 1:3 2.7S2 .. 49Sl 
490 .. (; 3.7:5 • -r ( B .. 1991 2.81)9 .4872 
1~90 .. 0 3. 74 .780 • 2076 ?.996 .478 i 
490.0 3 .. 75 ... 7{9 • 2 l 81 3.187 .4669 
490 .. 0 3.76 . 1?2 0 2358 .:S.598 .4477 
FLO ~·J CHOKED IN ROTOR PASS NO. 2 

RRPt-1 RRATf ETAT PC PROE VRATIO 
500.0 3.70 .707 • 1787 2 .. 592 .5189 
500.0 3.71 .771 • 1849 2 .. 669 .S120 
500.0 3.72 • 774 .. 1916 2.760 .50 46 
500 .. 0 3.73 .776 • 199 1 2.869 • 4964 
500.0 3.74 .. 7{8 • 2079 3.008 .4 870 
500.0 3 .. 75 .. 7/8 • 2 186 3.202 .47S7 
500 .. 0 3.76 .773 .? 368 3.620 .4559 
FLOW CHOKED IN ROTOR PASS NO. 2 

RRPH RRATE ET/\T PC PROE VRATIO 
510 .. 0 3.10 .762 .. ! l75 2.590 .5294 
5 10.0 3.71 .766 • 1839 2.671 .522 1 
5 10.0 3 .. 72 .770 • 1909 2.762 .5 145 
510 .. 0 3.73 .7{3 • 1 987 2.874 .S059 
5 10 .. 0 3. 71~ .776 .2081 3 .0 22 .4959 
5 10. 0 3.75 .777 ./197 3.233 .4835 
FLOL~ CHOKED [N ROTOR PASS NO. 2 

R RPf·1 RRATE ETAT r: PROE VRATIO 
52 0 .. 0 3.70 .757 .. 1755 2.se1 ~51;_ 07 
~20.0 3.71 .761 • 1822 2 .. 663 .5:5 50 
520.0 3.72 .766 • 1895 2 .. 757 .. 52')0 
520.0 3.73 .770 • 1976 2.871 • 5 16 1 
52 0 .0 3.74 • 774 • 2073 3. 020 .5057 
520.0 3.IS • 715 • 2197 3. 2 t~ 0 .4925 
FLOW CHOKED IN ROTOR PASS NO. 2 

RRP~1 RRATE ETAT P: PROE VRATIO 
530.0 3.70 .?SO • 1730 2.565 .5S27 
530.0 3.71 . 75 6 • 1798 2.6 4 6 .• 5448 
530.0 3. -r 2 .761 • 1873 2.7 41 .5364 
530 .0 3. 7 3 .766 • 195 7 2.856 .5271 
530.0 3.,74 .770 .2056 3.00S .5161) 
530.0 3.75 .773 • 2182 3.22 1 .5031 
FLO~~ CHOKED IN ROTOR PASS NO. 2 

RRPM RRA TE ETAT PC: PR OE VRATIO 
540 .. 0 3.70 • 7 1~2 .. 1700 2. 5~-6 .565 1 
5 !.~0 ... 0 3.71 .748 • 1769 2.6 26 .5570 
540 .. 0 3.72 .. 7':>4 • 1843 2.7 16 .54 87 
540.0 3. 7 3 .760 • 19 28 2.830 .S392 
540 .. 0 3. 74 .766 • ;? 0 30 2 .. 977 .5282 
540 .. 0 3.75 • 7 r 1 • 2155 3. 1 P4 .5 148 
540 .. 0 3.76 .7f0 .. 2396 3.703 .4888 
FLOvJ CHOK ED IN ROTOR PASS NO .. 2 
T!lviE7 6 t'-HNUTE S AND 48 SECONDS 
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RRPr--1 
441.({ 
44 1. n 
4 4 1. 3 
lt!.t l 8~ 
441 . 0 
441 . >) 
441 . [) 
44 I . d 
441. c' 
44 1 .. 8 
4~l.d 
44 1 . d 
441.0 
4 4 1 • ~~ 
4 4 1. B 
441.0 
41+ 1. 3 
44 1 . d 
441.d 
44 1. d 
~~ 4 l • ~) 
ll ~~ 1 .. t~ 
4 4 1 • ~: 
4 4 1 . e 
441. a 
441 • .-3 

441 .0 
44 1 . (j 
44 1. ~ 
44 1. a 
44 1. ~~ 
4 4 1 • ~) 
44 l. 0 
44 1. d 
441. d 
4!-t 1. 8 
44 1 . 8 
4 4 1 . H 
44 1 . ~ 
ljl~ 1 • 8 
44 l. 8 
44 Ld 
4 4 1. 8 
44 1 . 0 
4 4 l . B 
441 .. 8 
441 . M 
41~ 1. d 
44 1. b 
44l . H 
44 1. d 
44 1. 8 
44 1 . 8 
44 1. d 
44 1 . H 
44 1 . 8 
44 1. ~ 
441.0 
41+ 1 • t\ 
41+ 1. 8 
441 . d 
4 41 . 8 
44 1. 8 
441.0 
4 41- d 
441 . 8 

RESUL'l'S OF RUN 7 

RR/\ii
/.~o 
7. ) 7 
? ~::; ;j 
?·-;:J ;;:be 
? • 6 1 
I . t>2 
:? • c'.d 
?.64 
~ - 6~ 
/ . 66 
~~ • () l 
? . f>P 
? . h'l 
2 . rc 
;> . { 1 
? 7? 
2./S 
2 . l Ll 
? • 15 
? • { h 
2 .l7 
2. f H 
?.lC) 
2 •. ·:o 
2 • .-11 
2 . ~-~2 
2.r3 
;> . ,~l+ 

? . ciS 
?.hA 
2 . :·~ / 
? . 8/i 
2 . c;C) 
2 . 90 
2 . 91 
?..Y? 
2 . ')_:S 
? • . )4 
? .v ~ 
;> • ') 6 
2.'1( 
2 • •) ~1 
'2 . 9Y 
?. .. 00 
:') • l) l 
3 . U2 
.:) • ~) 3 
3 . U4 
:.; . c') 
3 . C6 
3 . 07 
3. (~ d 
~ . 09 
3 . 1 G 
3 . I 1 
5. I? 
3. L:S 
3. 1 /j 
3 . 1') 
_:s . 16 
~ . I 7 
~~ . l 0 
3 . 19 
.).20 
-~ • 2. 1 

t: I I\ T 
• 2 ) 2 
• .) : (> 
• ) 1 iJ 
• 1 : ') 
0 ) 4 '-> 

• -~ . 7 
• j.-,y 
• ) . 1 
• ")'I 2 
• l+ ·,. ) 
• 4 j Lj 
• 4 .' lj 
• !~ ·; l) 

• 4. 5 
• 4 ~} L) 

• 4 i ') 

• 4 7 if 
• 4 ;: li 
• 11 :; .·~ 

• ~ l·) 
• '1 l I 
• '> l ..; 
. s :2 t'; 

• ' > ~ 6 
• 5 I,!> 
. s ) /. 
• 5 {; 0 
• ') :'1 d 
• ~ /r) 
.s ·~2 
• :-, l (i 

. s •) () 
• 0;! ", 

• 6 l 0 
• 6 1 c) 
.. 6/2 
.6 ?-/ 
• 6 ) ') 
• 6 i; l 
• 6 .i 1 
• 6 'd 
• 6L,a 
• 6(~_-) 
• 6 cf-: 
. 61~ 
• 6 { d 
• 6 _') 
. 6:-'/ 
• 0 ; 2 
• 6 ,: 6 
• 7 .J l 

1 '. s 
• 7 l>) 

l1 ~ 
• 7 i :=; 
.7 ?2 

7; (, 
• 7 ·.•U 

( >4 
.7 :!;7 
• 7 ·I 1 
• 7115 
• 7 •. 'i 
• ! ': -) 
• 7.\ { 
• 7 (1 (; 
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F .. '": 
. (: 1?1 
• it l ') J 

• c i ~; 7 
• I j i.tA 
• (. 1 ~~. 
• {_o 10) 
• ( . l 72 
a t) 1 L l 
• \J 1 90 
• ~·· 1 ) ) 
• ,.J 2 CH 
• c: 2 1 7 
• L·/2( 
. ~·)3t) 
• (. ?40 
• 0? '")() 
• l· / hS 
• c? 7'> 
• (, 2 E3~ 
• i; ?')6 
. !J:0(J6 
• i..J ~ 17 
. t:3?l 
• n :~ -;-1 
• i 3{)0 
• ;j .-5 ()/ 
• CO:·i 7~ 
• I_ 3.q/) 
. ('.:) ) .:, 
• { lt 1 () 
• \) 1.:2 .~ 

~~ L> .36 
• (d ... 4 ) 
• ,.: 4o l 
• (; jt -( 4 
• (}l.~d ( 
. (:'}01 
. ;') ~ lll 
• (I 5? ·~ 
• u ~} 42 
• (! s ')I, 
. Y.J1J 
• lj ')(h 
)~9) 

• r. 6 Jl~ 
• u h2'1 
• 0645 
• \} 0 t> 1 
• (:6 77 
• ~} 6 q ~ 
• ( 7 1 ~· 
• ; 7 27 
• [· ( 4 11 

• ;_, 7 I> I 
• I. 77d 
• c 7 9t-J 
. 1.' .... ~11~ 
• /) 2 ~) '") 
• c i~ 52 
. L:c.)fl 
. c t~ y 1 
• (: 0 12 
• (. 9 ~;;> 
• i~ r; ~) ~ 
• 0915 
. (;'/()7 

f) ' r: t: 
l • ;;> lj <) 
1 • 2 ,., !J 
J • /. r:H-; 

l : 2 ~. 3 . /.• ,.""'{ 

I.;; ( ~ 
l • 2 ( (', 
]. 2 I":) 
1 • ? ~ ') 
1 • ;> i !t 
1 • 2 y <; 
i • .:)(: 4 
1.:sn·; 
I '5 1 ~~ 
1.3:)() 
I.:S?') 
1 • . -s ~ I 
1 • . -s ~ 6 
1 • ~!1 / 
1.:)i~7 
l. ~·) _) 
I • ~ i.) 'I 
l • ~t· 5 
l • ~~ 7 l 
1. 3 ,'/ 
l • ~ .' 4 
1.1'-i2 
i . -) ') v 
1 • ~~ C• {> 
l • l.l 14 
1 • lj ( 1 
1 • 4?. '.) 
l . , .. ~h 
I . 4L; 4 
1. 4 ')2 
1.40() 
I • '• r> fi 
l • 4 ( 6 
l • 4 HI~ 
1.4 ''2 
1 • s t.l 1 
l • :) I ij 
l. 51 E 
1. j~ :"i 
1. .:) .:.S 7 

') l1 I 
.. 5 ·, r.~ 

1. ~ ~ ;; 
l • s -( 9 
I • ') ·> 0 
1.6C'1 
1 • ~) 1 .:) 
1 • A::>~~ 
1. n -' :) 
1 • b ~~ t~ 
1.6(.() 
1. A 7.:) 
1 • h :1.'> 
1.6'-iY 
1 • 7 1 ) 
1. 7? 7 
1 . 7 i. 2 
l. 7r> 6 
1.{7/. 
1. l ;:-( 
l. H0u 

'i .~ \ r r n 
• 'J\;) ·~ 
• .. ,qr:? 
• ts 9 0 ~ 
: ~ I. ~I. 
• r T () 'l 
• :~ ;, ' ) .J, 

. (• 6 ) !) 
• . ~ ') 6? 
• :: ,, ) 7 
• • '.I~ ~ ~ 
. h)71 
• t' ~ lj > 
• (. 2i • ') 
• () 1 '! l 
• (.\ 1 ~ ~ 
• ( 0 ( 6 
. r.0?n 
• f'>r>S 
• ( :i 1 l 
• r n LJ _) 

• (" ~l)Jl 

• -r r -> ) 
77()(1 

• i' 1/ 11 ·; 
• ( •) ') ll 

( 'J ; ,-) 
• f 4 7 r1, 

( 1+? ') 
. l -;(, :-\ 

( :S 1 i< 

.l /61 

./? ()·) 
• 7 1 '> -{ 
• 7 1 I)(~ 
. 706~ 
.-(012 
. 6 )l)l! 

. (>~li( 
• 6ii 7 1 
• (>:<? ') 
• 6 ·r 00 
a ( 1 ( ")l~ 

. 6 h F~ •;; 
• {, !) J, s . (, ,-) ) ·' 
• () (') ~) 'l 

• ~J ') c ~ 
• G ~ 5 ':: 
• c ~~ I ) 
. (1~1)1' 
_,,:3;?/ 
• (;? -r d 
• (• ? ) 'J 
• () 1 ·) :' 
• v 1 ll 0 
. 61()( 
• (; 0 6 {) 
. (~J?l~ 
• 'J 'I r-; ;;> 
• '> ·) q. () 

• 'J d 'l :\ 
. ')..Jr-,() 
• ~ t' 1 •) 
• 

0

) l1 ') 
• L, ·r -s ~ 

. 56)? 



RE.SULTS OF Rilli 7 ( cont o) 

4 4 1 • <..) .-) • ·; ') • l ,., 4 • 1 \; 1 ·/ 
441 . 0 .L/:S .(.,:; .h'4l 
4 !~ 1 • d :1 • 2 ~~ • '( ( 1 • l () 61• 
441ot~ 3 ... ~') (/Jt .I (H{ 
44J od ~o26 .7(( . J JJ1 
4 4 1 • d 3 • ? f • t : ~J • 1 1 YJ 
4 4 1 .. E :.:, • ?. E ~ • 7 <2 • I I A ~J 
4 l+ 1 o 8 ) • / 1

) • l (' 1
) • J J ( h 

!i Lt 1 ~ H .:j " j 0 ~ l : .: \ • 1 ) 1 f) 
441 ~ 3 :>.jl . r11 . lz)·\ 
4 4 1 • .'j -~ • .) ? • 7 I :) • J ? 0 ') 
441 . ci .) . S.:':I . l·CJ .12·.,n~ 
441 . 8 3 . ~4 . r~~ . 15?~ 
4 4 1 • d -~ • .) s . d \ . () - 1 s ') ) 
44l .. d J . S6 . 9(.) . ])PI~ 
4 4 1 .. d :; • -; r • 2 ....: t, • 1 4 1 6 
4 4 1 • t) .:S • j ~~ • e ·. 7 • 1 4 4 -> 
4 4 1 • H ~) • Yl • B t ' 0 • I 4 P !~ 
4 lt 1 • u .-s • 4 o • e 1 1 • 1 s 1 ; 
4 4 I • o -~. 4 1 • ,.l 1 2 • 1 c; '>t> 
4 4 l • (I 3 • lj 2 • i~ 1 ) + • i 5 '-I!.;. 
4l.J 1 • 8 3 • 4 3 • B l (, • I I> ·iJ 
4 4 1 • ~) 3. it 4 • 8 t l . 1 fJ r r 
4 4 1 • d ~ • 4 '.) • ·3 I . 1 • 1 'f 2? 
4 4 1 • 8 .) • l+ 6 • d i '~ • l 7 b--) 
4 It 1 • 8 _") • 4 7 • d I -i • l ·'~ 1 ) 
4 4 1 0 t~ -~ • 4 ~; • d l y • 1 ,-~ '( ") 
4 4 1 o 8 ~ . 4 ') • 13 I~; • 1 ·) -~?. 
4 4 1 • 8 :J .. '-> () • rl 1 6 1 -1 .) ·J 
4 4 1 • o 3 • ') I • ~l l -s • ? r) h 
4 41 . o 3 . 5? . ~~7 . ;170 
4 4 1 • d 3 • ') _-) • f ; 2 • L ) 3 :) 
FL OW CriOKf~ IN ROTOR P~SS NO . 2 
T I ME , 0 M I ,\1 U 1 f- S ,\ ;'-J 0 r) >-l \F. C 0 :! U S 
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• ~ 6'')/ 
• . : {, l ~ 

• ') ') 7? 
• :) ..... ") 1 
. 'Jl~)(l 
. ';,1,')0 
. 'JI.,ry) 
• ., ·: rn 
f ~ > ~ t'; 
w ':.JL)() 
• ~? i+ ') 
• ';? (J () 
. 'Jl61+ 
• :) J /I' 
. S077 
. :11·~4 
• !~ 9 'i c 
• 4) '• ') . '· .~ ') ) 
• J.j. ?!.) " 
• ll h (j ( 

• I+ l 'l '' 
• !j 7 (j () 
. 116'16 
. !t6rn 
• 4 5 q 1> 

. 4 1+<·~A 
• L~ l1 2:? 
• 4 ) '•? 
• L;? (l •:., 

• 4 l 6 2 
• ·i ') i\ )j 



RRPM 
4 20 . ) 
4 20 . 9 
1~2 0 . '1 
l~ 2 0 s I 
4 2U • 'I 
42 0 . 9 
42 0 . l) 
lt 2 0 . 'l 
4 20.'1 
It 2 0 • f) 
4 20 . ' I 
42v. -t 
42 0 .:1 
4 20. •) 
420.9 
4 20. 'I 
112 0 .;; 
420. 'i 
420. '-1 
420. '1 
4 20 . ') 
42 0 .\f 
42 0.9 
>~20. 9 
4 20 . I 
42 0 . ·-) 
4? 0 .Y 
420. 'i 
42 0 . ') 
42 0 . 9 
4.2 0 . ·I 
~~ 20. •) 
42 0 . ') 
42 0 . ? 
4 20 . '1 
420. ·.; 
42 0 . ·; 
42 0 .·1 
42 0 .9 
4 20 . :; 
4 20 .) 
42 0 . 9 
4 20 .-1 
4 2 0 . <) 
!~ 20 . ) 
l.f L0 . ' ) 
4 2 0·. ') 
4 2 {) • ') 
4 2 () .'I 
420 . Y 
4 20 . Y 
4 20 . •) 
l ; 20. '.) 
lj;? 0. 9 
420 . Y 
h 2 0 . Y 
4 20.'1 
4?0.Y 
420 . ~ 
4 20 .-1 
420 . ) 
420 . 9 
420 . '/ 
lt 20 . ) 
420 . -1 
420 . -1 

£ . • ( (~ 

~ • ('I 
L • . :;v 
/ . 1 
2 . ~ 2 
L . r' 3 
L . , 4 
'2 • ~ ~ 
2 . ~~o 
2 . ~ 7 
2 . :;~( 
2 . ;j'-} 

? • -) (; 
2 • . ;/ 1 
2 . I L 
2 .. ) ) 
2 • -; 14. 

2 • 'I') 
2 . J6 
:;; • ; -r 
2 • 't r\ 
2 . '}'I 
j . (.)i_,• 

3 . UI 
3 . 0/ 
') • li :) 
_·). () 4 
3 . d5 
3 . iJo 
3 . 0/ 
.'$ • ,) rl 
3 . ()i) 
3 . 1 1.) 

.L 11 
J . I 2 
3 . 1.) 
3 . 11: 
3 . 15 
3 . 16 
3 . I 7 
_) . I : 
-s . I I 
.::; • 2 •,) 
3 . 21 
:- . ?? 
5 . ) 3 
.3 . 21~ 
3 . /S 
~~ • !. 6 
3 . L.( 
~ ') >-: 

• ~ • L.. '-' 

?; • ,''I 
3 . -~ l) 
.J . j1 
3 . :S .2 
~ . ) .3 

R~ULTS OF RillJ 8 

c 1 1 . r 
I . 7 

• I (! 
• 1 1 
~? / 
• "'~ j( 
. ) u 
• 2 '! ) 

. 2 l 
• / .. I . ') ')_ 
• ? 1 l.t . .) (. 
• ,) i ( 
• :i '/ 
• ~ 't lJ 
• :S,, I 

"i. I 
. 5(! 
• _) 2 . ·) ;' ',( 
• 4 I 
• l-t I 
• l.~ J u 
• 4 ) 
• l ~ .J r~ 
• q ... l 
• --+ ) t) 
• 4 ')q 
• lj () 

• i~' '(; 

• 4 ':) 
. 4-I'J . ' )'' ) 

• 5 1 ,_i 
• '.) i u 
• l) .~ ~ ',> 

. ') ) ) 

• 5 ; .. ; 
.. 5 ~~ 
• 1) ) ? 
e 5 I ~J 
• 5 ;; I, 
• 5 I 1 
• 'J ( ! 
• '->' s 
• 5; ~· 
• 5 I~ 
• 6 ) u 
• 6 '') 
• 6! 1 
. bl6 
• 6 .' l 
. 6.J/ 
• 0 i 2 . () ) ( 
• 6 l ~ 
• 6 '(, 
• 6 ) I 
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• .. {' .. ) I} 

• I I ( ;.' 
• ( I I r-) 

ft•r;) 
. {' ~~ t.. { . ( (.) 

.(ful 
• "( i) J+ ,_) 
• / :·,,) ! 
• 1 1)} r ,.-' 

( lj ')/) 

• ·r '+ ~ ) 
'( _) h 

• '( ) L. '> 
7 .·~) ( 

• 7 '?:>I 
• 7>0~ 
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• ( 1 1 ) 
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( ('')'I 
• (;I ( ( 

• ') I '> (; 
• (> r', {i 'l 
• t I \:)'I 
• I 1 ( 1' It . (. ( ~-) . ' 

.. , ' 

• c l \. \) 

• 1, A(,·, 
• (. /)?;I 

• t) ') . ., ' 
• () ') 4 i . 
• (, ) J {I 

• Ul f>Ci 
• (,I. ·;- I 
• r: ~ o? 
• ( :~ '+ 'i 
• r, ~ ·, i1 . (; .... , () (') 
.o??7 
. (, I >< .> 
• ·, I 'J 1 
• c. 1 I -; 
• <-· ( i 7 r 



RESULTS OF RUN ll (cont.) 

1. 0 7 .. t... 3 • ? : • (I I • ' I ' 'I""'. 
4 0 f o 1-+ ) o ~ 'J 0 (; / L) o ( ' ( l '; 
4 () / • If -~ • . ; f:. • 6 i '! • ( ? ~ 
4 L; 7 • lj ."'i • .:S l • 7 / ( ). i 
1• o r • ~ .:S • ·> 2 • r 6 r ., 
1-+ o ·r • ~~ : .• -"' :) • r i G • 7 7 ") 
4L7.il 3 . _,u .f l, • (d:. 
4 o 7 .. 4 .) • 1 s • 7 1 r • . .-'. ~ '· ~ 
~ q r ~ h :) ~ .~ t • l · '' : f: ; ? ) 
l~ 0 7 • 4 ) • 3 { : 7 ' -; • I. • ~ ·u 
4 U 7 • 4 :S • ~ r< • 7 !_, • (. S I 
4 07 .4 .).:)y .7 Y .~ .·c.()·· 
4 0 7 • lj _) • 1-1 u • 7 / .. ) I 11 

407.11 3.Jj 1 • ( ) . ,,j\)1 

4 u 7 • 1.,. 3 • 4 ::! • ( i '"" ' ,) 1 "\ 
4 0 7 • l+ .3 • lj .:1 .. l ! i . {. ; ~ 6 
4 0 ( ., 4 :, • 4 Ll • 7 . i t, • ', ) ') :, 
l+Ol.4 :~ . ~~~) .. 7·,6 • 1('j 

40(.t~ -).4 {> • ( i .:·)i ',/ 
4 0 7 • 1-+ ~ .. I I ( • 7 I • I ; ' 0 7 
40/.i;. .:S.•t'' . 7>.1 . 1!J~ 1j 
4 0 (. 4 3 . lj () • ( ) ) • j () ~~ () 
4 0 7 .. 1; _-<, .. 'i C • f · , • I C. 6 '~ 
4 0 7 " !j .'~ • ~) 1 o 7 I l, o 1 V t'l, 5 
4 0 7 • 4 3 • •j 2 • {:. ~ • l l () ... 
4 G ( • lj -=s .. 1

J _") • ( ~_; ij • l l ? ... 
407 .,1-+ J'• ~,l; • (·_() • ]]q') 
4 0 7 • 4 _-) • ·.) ') • f ,. I i 1,6 
407.11 -: . ·=·( .? t'..; .1 1·'·\ 
~~ 0 7 • 4 3> • -, r • l 1 • I ) I•) 

'· 0 7 • 4 3 • :--, c ( (::,; • l ; ~ l 
407.'• ) . J') .l 1 'J . l?~ 1 l 
i ~ 0 7 • li .3 • 6 \ 1 

• 7 , t; • 1 2 ( ·\ 
407.1~ _-).61 .lfd . I."S~l] 
i+ G 7 • 4 ·i .. 6 2 • f r .; • 1 ·; ? t) 
407.4 ~ - ~~ .7 , 1 . ~~~-
4 01. l i 3 .. 6 4 I ~ • I ·1 7 (> 
4 0 7 • 4 .:S • 6 c, • / ~ • l l, t' ') 
4 u 7 • Lj 3 .. 6 (: • I L. • l i-1 ? .) 
4 ()-(.14 ") .!;-( ( ... {) . ]1.5·~ 

4 (H .l~ 3 . l>~· .7'·f . lil··.( 
4 0 I • 4 .S .. {l :; • l · ·1 • I :·, l f 
l+ 0 'I • 4 3 .. ( C • ( . , ~ • I 'J 11 • \ 
1-+ 0 7 • II ~ • 7 1 • ( 'I • I 1

) ~~ ,; 
407.4 :L(2 .(, L . 1(•13 
407 .~ '3 . (::> 7·,(. • 1 {,1~( 
Ll07 .4 3 . (i~ . //i• .) r}j) 
4 0 7 • 4 ?_, • 7 ') • 7 1 ,_; • I f ? l 
4 (J 7 • 4 !l • ( 6 • 7 ; C • I ( 6 1 
407.4 .5 .1'( . 7--1 .l '(;2_ 
4 0 7 • 4 3 • ( i~ • 7 . ; '. • 1 .-•,1; '1 
4 () 7 • 4 3 .. ( it • 7 ' ( • 1 .: . (/ 1 ~ 
40/.4 3 • .~() .7 c.S . 1-J4i) 
lj 0 7 • l~ ) .. r:; l 7 2 • I U () ) 
4 0 7 • 4 ~ • .:.1 2 • ! r' {, • , •') c) f 
4 () 7 o ~~ ") o Q 3 o I I l o ,J 1 s-) 
4 0 7 • 4 ..) • -:4 • f. · J . ? 2 A4 
F l 0 L..J C H 0 K t f) I ;' J :~ i; T C i{ I" ·i <; :-; '·1 0. / 
T IfJ:E , 1 1"dN l :Tt. <; 11,''-d) 12 ':>tCl:\1""'.~; 
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1 • ) 
I • ', n 
l • ) 9 
l • ') ' t' 

i . ) ; . 
i • (> ( 
I • t, i r 
1 • ()I'' l 
1 • f) -' I 
I : (J I; ! 
1. 61 ( 
1 • r, r. ,.-

] . :· ! •/ 
l . t) / \." 
l • 7 1 
l • I 1 "J 
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1 • I r ', 
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_). c 1 5 
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RESULTS OF RUN 12 

RRP~1 RRf1 TE t: r 1\ r PC er:ot= v <. r~ 11 r; 
407.4 2.74 • 2 711 • \' 1 (j) 1.;.>:>'-) • r\ -~ 1 I 
407 .1.+ ;?.75 • ) . 7 • C I 16 1 • 2 ')I) • L (II P 

407 .. 4 ?./6 • 'S c (.1 .01?~'> L 2 ~ 3 .r ,h?.~) 

l1gf 8 4 4 • 4 ~~~~ ~ ~ I? 
•. :S ·~ q ~~~l),.\ 1 .. ? ~ ~ , r· 0 ?'' 

1 • ) w • r! '> { ,n 
407.4 ?..7CJ • 1.-J f> • ~~ 1 lj (, 1. 21t 4 I' ,- ,, (~ 

• ( ') IJ ·, 

407.4 ?.t!L) • ~ <-; ( • (il r,) I • 2 h ~~ • '"· t~ 11 r 
407.4 ~. d 1 • 3 '-, " • 'j 161 1. 2 r:.,? . 8')-)1 
407.4 2. d2 • ') (U • c 10) 1.2S6 .td,S 
40/.4 2.::3 • ) :, 0 • 0 1 I r 1.;?0() .~5/ 71 
407.4 ? • t34 • -s i 0 • [; 1 : .. .t, 'J I. ?. t) ') . ~p 0 ~~ 
40 7 .I~ ? • (<5 • 4 (' 1 .. (';1)3 1.~7C: • <' 1 l+ r 
407.4 2. c16 • !~ l 0 .( ·/02 1. 2?4 • f~ 0 B I' 
l~07.4 2. ,57 • ~~ )0 • ~~ 2 1 D I. 2 f9 • c\ 0 ~ () 
4 07 .l! 2.Be .4 !.? • () 2 1) 1. 2 ~· 4 .-(97? 
40 7. It 2 • (H} .4 :5H • o 2 2-r 1.2P.'~ . l ') 1 f) 
407.4 / • .)(j .447 • 02 36 1 • ~ 1) ~ .7860 
407.4 ? • ') 1 0 4 ',6 .C2ts5 1.29(1 • ·r ;~ o ;, 
407.4 ?.92 • LJ 61+ • 02S4 I • ..) p .) • 7 ( ')-; 
407 .. 4 2.9~ .4(3 • (J?. fd 1.~03 • rron 
407.4 :?.Y4 • 4 .-l I • tJ2 72 1. 3 1 3 • y {)C:.6 

110 7. 4 2.95 • 4:19 • G?ii 1 I • 3 1 :~( .7S9? 
407.4 2.9o • 4•;6 . ()/<.) 1 1.)? 3 .7')4() 
t10 7. 4 2.97 • ') J il .(..)00 1. 3? 'J • 7 )j ~~ 9 
407.4 2. ') ({ • S I I • ('>) 1 J 1 • .) -) 4 . 7 i.j ~ (~ 
407.4 2.99 • 51 d • 0 320 1. 3 )9 • 7 ·j8.-i 
407 .I.+ 3. 0(; .5?6 • 03?.9 1.345 .7-'i 40 
407.4 3.01 • 5 .i..:S . c 3.)9 I • ..:S S 0 .( '/)? 
407 .. 4 3.02 .55'1 • (J -)4) 1.3'16 .7?4S 
407.4 3.03 • 5 t~ (, • 0 3SQ 1. 3A I .71Yt1 
407 .. 4 3.04 • 1) L} 3 • () --s 6) 1.3f)7 • 7 I'lL~ 
40l.4 3.05 • 5 ')9 .l; 3f~Q 1. s r 3 .l10:) 
407.4 .).06 • 5o:> . O:j'/0 1. 3 7 y .7G f>0 
40 7. lj 3.07 • 5 { 1 . ('401 1. ::;::~s • 7 0 I '1 

407 .. 4 3.08 . s ( ( .()l~12 I. 3c) I • t_ c; ':> 7 
407.4 3. ()(; . s ... ~.3 • (l4? .:S 1.31)f< • 6•)? 1 
407.4 _"). 1 () • 5 i'9 .(.~~34- 1.404 .6P7C, 
407.4 3. 1 I • 5 ,Jw • G '-~'• 6 1 • !~ 1 1 • c. d"S 1 
407.4 .J. 12 • 6Cti .(;457 1 • 4 17 • 6 7~\·1 
40 7 -~~ 3. 13 • 6l, 5 • (; 11 A'3 I. 4/4 • t 7 )~ll 
407.4 3. 14 .6i0 • Ot+M1 I. 4 3 1 .(,-fC·1 
407.4 3. IS • 6 16 • Ot~ 92 1.4-:-,2, • t. 6 s ;{ 
407.4 3. 16 .f>?l • OSGI~ I o 4lJ 5 • (_, '..l ., { 
407.4 3. 17 • 6?. f, . 0516 1.4S? .6S76 
407.4 :) • 1 b .6 .:51 • 1.) s 2-1 1 • .'~ 5 c) • (>!) "S c, 
407.4 .::i. I 9 • 6:i6 .0541 I • t~ A 6 • oJI iC, 
407.4 3.20 .6:....(1 . OSS1 1. 4 /-) • (, 4 s 'I 
407.4 3.?1 • 611 s • ,}':)66 I. 4 ~ 1 • (,4 I 1> 

407.4 3.22 • 6')0 .r,s7; 1 • Lt t~ d • 6 -; r o 
407.4 3.?3 • 6~>4 • I:S'>2 1.4r/6 • c.,_-)-> r 
407.4 3.24 • 6 1

1 R . 000S l. cl r 4 • t<) y 7 
407.4 3.?'1 .6h2 • (J6 H 1. s 1? .(;')')() 
407.4 3.26 • 6 () () • 0A31 1.520 ·• <·2? I 
407.4 5.27 .670 • (1645 1.5/P • 6 I rl 11 
407.4 3.28 .6{4 . Co5K i.S~7 • 6 1 h{, 
407.4 3.29 .67'K • 06 72 1.':>4S • 0 1 0' 
407.4 :s. _.:;o • 6l 2 • t\6 s 7 i. 5 S4 .60(~ 
407.4 3. 3 1 • 6.0..6 • oro 1 I. 5 A 3 • () 0 ~ ') 
407.4 _.,. -~2 • 6 ·~I y .(171') 1.S7?. • (, () () 0 
407.4 3. ).~ • 6 'I..:S • o 73u 1. 5 H 1 . s i6ll 
407.4 3.34 • 6 •.) 7 • 0745 1.')90 .'J9/Q 
407.4 3.35 • 7 co • 0 7 SY 1.599 . s;:n -s 
407.11 3.36 • 7 C :S . 0 774 I. 609 .'):~:)-:-~ 

407.4 3. 37 • 7 ~: 6 • c 7 t\') I • 6 10 • ~ ··, / tJ 
407.4 3. 3.-1 • 7 ~ ) • 0r04 I. 6 2 8 • '> 7 iO 
407.4 3.39 .712 . 0820 1. 6 39 .57SA 
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R:~SULTS OF RUN l? (cont.) 

407.4 3. tdr .(15 . (:.·~ "")') 1.6L.~) • _) 7? 1 
407 .. 4 3. l.~ 1 • 7 1:1 .()~r>1 1. 660 •. ) () !~ ( 

407 .. .'t. 3. l, 2 .721 0 (' \;()~ 1.610 • r > 6 c1 !~ 

1~0 7. 4 ~. 1~ 3 • () ."i • u f; -=3!~ 1. A P 1 • :) 6? r 
407 .. 4 _:.). 4 ll • 7 ;> 6 • 0900 1. 692 .~"!')r\l 
407.4 3. It r, • 7 ?') • (>J 1 7 1.103 .~')'>6 
!1 0 7 • 1.1 3 0 1~6 • 7) l • (j ') 3L> l . ! l ') • :) ~) ;) 1 
4 0 I 4 L~ 3oll7 : ~ ~? a09S? 1 5 ~? ti • ~) l+ ~ 7 
4td • If ::'1 • H t\ • o } to ' • , lj t..i • ~ l.j I)~ 
407.4 3. IJ.9 • 7 ·.i ') • 0 'N\··~ 1.7~)~ • <) ~~? n 
407 .,I, 3. ')C • 7 Li 2 . 1007 1. 71; 7 • ~.")dl-, 
407.4 3.~1 • l il i~ 102'> 1. n'o .:,)S!~ 

407.4 ").52 • l •l {, • 1 () 44 1 • 7 <> 4 • ~~?I 
407.4 -~. S3 • 7 -II~ . 1 (J6) 1 • (~ (! cl .'-)?ij? 
407.4 3. St~ • 7 l 1 . 1 tY~.) 1.2?.3 • ':) -~ 511 
407.4 5.55 .. 7'd . 1 l 04 1. 8 -~:-) • ')? 2 () 
407 .. 4 3.56 .. 7 ;:-, • 1 1?4 l. R~4 • r; 1 :..., 7 
407.4 :S. S 7 .7 I ( . 11li-5 1 • ~3 r o . s 1 s~ 
407 .. 4 3.~d • / 'J 'l . 1 I 06 1. i3d0 • :J 1 ? l 
1+07.4 3.'>9 .7Al . 1 1 qq 1. 90 ~ .c)()8,::\ 
407 .. 4 3.60 .763 . l210 1. 9 2 1 .~esc) 

407. 1-t 3.61 . 7 {;j 1232 1 • f") ") ·? • ') () ;:> ~ 
407.4 :'5.62 • 7 (J 7 • 12S~ 1 .. C)~ 7 • I{()·-; C) 

407.4 3.63 .709 . 12 7R 1 • 9 ( 7 .4 ?SA 
407.4 3 • <)I; .71 0 • 1 3 (l 3 1. 99H • ~~ •)? 1 
407.4 3.6S • 7 (?. 15?7 ~-018 .1;809 
407.4 -~. 66 • 7 I':) • 1 )')~ 2.0111 • Ll ~~ t)J~ 

407.4 :'S • fJ 7 .. 7 ( 'j . 1 3 (8 2. 0 /) 1.1 • I. t! 1 P 
407.4 :-s • () d .776 . l l,l.()~ :C.0Py .J...7d~ 
407.4 3.<'>9 • 7 [ ( , 1 "'l2 ~- 1 1 s • L (4 7 . 
407.4 3. ( \) .77E . i ~6') 2. 14~ • 4 "1 i 1 
407.4 3. 71 • 7 (~ 0 . 1J+rN L. 1 70 .4674 
407.4 :; • 7? • 7 .~ (I . lSI? ?.200 . 4 fd7 
407. ~~ 3. { 5 .l r-.1 . l r>')O 2.2:i:) .lf5')) 

407.4 3. (4 • 7 r~ 2 • l5d~ 2.? l, 7 • 4 ')nO 
407.4 3./5 • 7' /l2 1/) 15 2.'l\4 • ~~ ~) ") 1 
407 .I~ .3. 7 6 • 7 ·\3 • 1 (ll)Q ~.343 .Lj4~~r) 

407.4 .3. 7 7 • 7 :;3 . J () ;~6 2.3u6 • 4 it-; ·I 
407.4 3.7d • 7::. _"') • 1 7:~3 2 • It:~ 1 • 4 ") )h 
407.4 3 .. 7CI • I~-~.) 1 (63 2. ~~ d l .41~? 
407.4 3 • ~~ t~ .7 J2 • 1()()4 ? • 5 ~ 7 .l•Y)S 
!~0 7 .. 4 3.d1 • 7 .i 1 • 1 '~I~:) 2. 59 'i .42S6 
407.4 3.H2 • 7 .~·. 0 • 1 ·?>)7 2.670 .i.../ OS 
40"1.4 3. ~~ 3 • 7 r ~~ . 191t':} 2.lS2 • L\ 1 L1 ·\ 
407.4 3.84 • 7"!6 • ?006 ~. tl C) 0 .!.08'~ 
407.4 3. :-~ 5 .772 • ?0 72 2.97-) • 4 n 1 r 
407.4 3.d6 ~766 .215:) :-s. 114 -r • .J9..5C 
407.4 ?J.87 .7':l3 .?27=:> 3.462 .379 8 
FLOW CHOKEC II\: ROTOR PI\ ss NO. 2 
T H1E, 1 1"11 NU TF S ,1\"-JO 12 St:CQ'\:OS 
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RRPM 
4 07. !J 
407 .. 4 
l~ 87 ii 4 
4 l. 4 
407.4 
407.4 
407.4 
407.4 
407.4 
407.4 
407.4 
!~0 7. 4 
407.4 
407.4 
407 .. 4 
407.4 
407.4 
407.4 
407.4 
40 7 .1} 
407.4 
407.4 
407.4 
407.4 
407.4 
407.4 
407.4 
407.it 
407.4 
407.4 
1~0 7. 4 
407.4 
407.4 
407.4 
407.4 
407.4 
407.4 
407.4 
Li-0 7 • 4 
407.4 
407.4 
407.4 
407.4 
407.4 
1~07. 4 
407.4 
407.4 
407.4 
407.4 
407.4 
407.4 
407.4 
407 .4 
407.4 
407.4 
407.4 
407.4 
407.4 
407 .l+ 
407.4 
407.4 
407.4 
407. l+ 
40-1.4 
407.4 
407.4 

RR.J\T~ 
2.77 
?~78 
2. 79 
I • 'j i1 
? • t~ 1 
2.d/ 
?. • ~~ 3 
2. dlt 
2.d5 
? •. ~6 
2. ~~ 7 
';.bb 
/.29 
2. '10 
? • 9 1 
/.-)2 
2. ·/3 
2.Y4 
? • 't ') 
2.'-iA 
2."17 
2.90 
?.C)') 
3.00 
:=s • 0 1 
3 . 02 
3.0~ 
3.04 
3.0S 
3 . 06 
3.07 
3.0K 
~.09 
3. 10 
~ .. 1 1 
3. 1 L 
:.s. 13 
3. 11~ 
3. l s 
.5. 1 6 
3. 17 
3. ] <~ 
_). 1 q 
S.2C 
3.?.1 
3.22 
3 . ?3 
_) . 21~ 
~.25 
3./0 
~). 27 
5.2H 
3. ') 9 
.3. :)0 
). 3 l 
.:S. );,? 
~-s .. 3 _') 
: • •. ~4 
3. ~)5 
.-5. "J6 
3 . 3 ·r 
3. 3~3 
3 • . 5~ 
3.40 
~.41 
3. 1• 2 

RESULTS OF RUN 1':3 

t T i\ T 
• 2 ~-: 0 
• 2 ·12 

J f. J 

:-~1·d 
• ')'/f) 
• 5 ·; "> 
• :5 i(. . .)·,"( 
. . 'kd 
.3"r'd 
• ) ,-J p, 
.~·-? n 
• lj ' ~ 
• 4 l 1\ 
• )~ ~· 7 
• 4: 6 
• 4 i~ 5 
• 4 '11+ 
• ~~ :. 2 
.410 
.4/9 
• 4 -: 7 
• lj i/.j 
• 5 .,_: 2. 
• 5 ,j" 
• ) ! ( 
• ');>4 
• ~) " 1 
• 5 ~ ( 
• S LJ 4 
. ').) l 
• 5 ) 7 
.5u:l 
.~)1)9 
• ') 7 ~) . ~) ·:~) 
• 5 t'6 
• ') ) 1 
• ') 17 
.. A~-? 
• 6l, 1 
• 6 1 :) 
• 6 U{ 
• 0 ~~ .:S 
.6/7 
.6:i? 
• 6 ~i 7 
• h 't 1 
• 64 5 
• () ... y 
.6~4 
• 6 ; (, 
.6o2 
• A 1>6 
.670 
.6() 
• 6 77 
• 6- 1 
• 6 : .. :) 
• 6 c.: H 
• 6 't 1 
.6-iS 
• 6\) 8 
• ( c 1 . "{ \, ~~ 
.707 
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PQ.Qi-
1.2/() 
1. 2?9 

l: 3 ~ ·7 
1 • 2 !1 ] 
1 • ? ~~ l~ 
l . ? I~ ri 
1.? s ~ 
l.?Sl 
1 • 2.tJ?. 
1. 21:6 
1. 2 I 1 
1. 27 5 
1.2·0·0 
1.? .: s 
1. 290 
1.29LJ 
1. 2 c;q 
l. _) cs 
1 • _) 1 0 
1 • :s 1 5 
1 • ::s ') 0 
l. _p ~) 
1 • 3 ?> 1 
1.37.6 
1 • ) II 1 
1 . ~4 7 
j o -~ C"l 2 
l • ~ 5 ;~ 
l • . 3 !') 
1 • .) fl ') 
l • ) ( l) 
1 . )H/ 
1 •. 3 cs n 
1 • 3 <) 4 
1.400 
1 • '-~ c ·r 
1 • 4 1 -) 
1. 4 ~ c 
1.4?7 
1 • 4:; "i 
I. 1.;.4 0 
I • -'~ ~~ l 
.• 454 
1 • )~ 6 1 
1. 46H 
1 • ~~ ·r {> 
l. 4 ,' 4 
l. 4 9 1 
l • 4 :J:) 
J . L)(\7 
1. s 1 s 
1. 5/3 
l. ~ '-\2 
1. 511 c 
l.S 1d\ 
1 • ') 1J 7 
1.561} 
j "57:) 
1. s :-\4 
1.5<13 
l. 603 
I • {> 1 ·) 
1.t>?? 
1 . 6 ~ 2 
l. 6 w :~ 

v 1<. ,, r r r1 
• ,, (~ 0 7 
• < ( ll ~ 
.:. '• 

1
, HI 

• ( tJ). ('. 
• L ') ~ ~ 
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P.ESULTS OF RUN 13 (cont.) 
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RESULTS OF RUN .1.4 
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RESULTS OF RUIS l? 
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